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FINAL REPORT 
GEOTECHNICAL INVESTIGATION 

KENNEDY INTERCHANGE RECONSTRUCTION – SECTION 1 
RAMP 42 3RD STREET to I-65 SB

(S0180, BRIDGE B3RD-1) 
JEFFERSON COUNTY, KENTUCKY 

FOR
KENTUCKY TRANSPORTATION ASSOCIATES 

1. LOCATION AND DESCRIPTION

This report presents the results of our geotechnical investigation for part of the proposed new ramp 42 
carrying traffic from the 3RD Street on-ramp to Southbound (SB) I-65, north of downtown Louisville, 
Kentucky.  This structure is part of the Kennedy Interchange Reconstruction, in turn a component of the 
Louisville-Southern Indiana Ohio River Bridges Project.  The project area is north of the Louisville 
central business district in Jefferson County.  The bridge begins at the north end of 3RD Street and ends at 
the beginning of Bridge B3RD-8 (Structure S0660).  A Site Location Map is presented as Exhibit 1. 

Working documents and drawings germane to the Kennedy Interchange Reconstruction are stored on 
ProjectWise, an internet-based data management system, utilized by Kentucky Transportation Associates’ 
(KTA) team members and subcontractors.  Subsequent reference to this system will take the form 
“ProjectWise 061014” referencing a document available on October 14, 2006.  The bridge is being 
designed using the Load and Resistance Factor Design (LRFD) method as set forth in the American 
Association of State Highway and Transportation Officials (AASHTO) Publication “LRFD Bridge 
Design Specifications 4th Edition”.  Where this document is referenced subsequently, the term ?LRFD 
BDS’ will be used. 

According to the plans prepared by WMB, (ProjectWise 070216), the four-span bridge has a total length 
of 578.09 feet.  The bridge section consists of an 8-foot inside shoulder, 15-foot lane width and a 6-foot 
outside shoulder.  The initial part of Ramp 42 is built on an embankment that increases in height from 
ground level to about 14 feet at Abutment 1 of B3RD-1.  The bridge then rises at a 5 percent (%) grade up 
to its junction with the Great Lawn Structures at Pier 4.  The proposed start/finish substructure centerlines 
are shown in Table 1.  The bridge plan is presented in Exhibit 2. 
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Table 1:  Proposed Substructures Stationing1

Structure Substructure Centerline Station 

B3RD-1 Abutment 1 423+81.92 

B3RD-1 Pier 1 424+97.25 

B3RD-1 Pier 2 426+09.58 

B3RD-1 Pier 3 427+79.25 

B3RD-1 Pier 4 429+59.92 
(1)  Preferred Layout, ProjectWise 070316. 

The purpose of this investigation is to characterize the subsurface conditions of the site, perform 
geotechnical engineering analyses, and provide recommendations for the design and construction of the 
foundations of the bridge piers and abutment. 

2. SITE TOPOGRAPHY AND GEOLOGIC CONDITIONS

2.1 General

The proposed ramp alignment crosses both West River Road and Bingham Way.  The existing terrain is 
relatively flat varying in elevation from about 438 – 440 feet mean sea level (msl) through Pier 3 and 
about 444 feet msl under the final span. 

Buried utilities have been mapped in the area as shown in ProjectWise 070216; those relevant to 
foundation construction appear to include: 

12-inch combined sewer directly beneath Abutment 1 
15-inch sanitary sewer directly beneath Pier 2 
12-inch sanitary sewer beneath possible pile cap for Pier 3 
12-inch sanitary sewer immediately adjacent and north of possible Pier 4 pile cap 

Each of these will be potentially impacted by the installation of deep foundations. 

2.2 Geology

The interchange system will be constructed in close proximity to the Ohio River, and generally within its 
left bank flood plain.  Subsurface conditions are, therefore, dominated by the morphology of the river 
valley and more recent depositional history. 

In the Louisville area, the Ohio River flows through a broad, relatively flat valley, carved into bedrock 
during post-glacial periods.  Bedrock typically consists of Devonian and Silurian-age limestone, dolomite 
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and shale; the valley sides southeast of the site area are composed of Sellersburg and Jeffersonville 
limestone, the base of which occurs at about elevation 480-490 feet msl.  The geologic sequence below 
this is reported as follows:

Table 2:  Geologic Sequence – Louisville, Kentucky 

Formation Rock Type Thickness (ft.) 
Base Elevation(1)

(Ft. – msl) 
Jefferson limestone 18-30 480-490 
Louisville limestone 45-75 405-445 
Waldren shale 9-13 392-436 
Laurel dolomite 50 346-386 

Osgood shale/dolomite 17 329-369 
Brassfield dolomite 10-30 200-359 

Drake dolomite, limestone, shale 
and mud stone 

55-150 149-304 

(1) Calculated based on mapped contact elevation at base of Jefferson Limestone. 

Bedrock in the floor of the buried valley is recorded as being between 334 feet and 337 feet at more than 
a dozen well sites in the 2-mile stretch of the aquifer upstream from the current I-71/I-64 interchange 
(Unthank & Nelson, 2006).  It is likely that the valley floor continues downstream, with some variation, at 
about that elevation into the area covered by this investigation.  Based on the geological information 
presented above, the valley floor could be in the Osgood, Brassfield or Drake formations.  The 
composition is therefore uncertain, as these tend to be composed of a variety of rock types, although 
dominantly of dolomite. 

Bedrock is masked in the broad flood plain by Quaternary sediments that are frequently in excess of 100-
feet thick.  These consist of glacial outwash and river alluvium.  Locally, man-made fill is present.  The 
alluvium is generally less than 35 feet in thickness and may consist of clay, sand or gravel.  Outwash 
deposits typically comprise sand and gravel, coarsening with depth and generally extending to bedrock.  
A geologic map is presented as Exhibit 3. 

The subsurface investigation results are consistent with this geologic setting.  The typical observed 
stratigraphy consists of man-made fill (~10 feet) overlying alluvial clay (~20 feet) followed by outwash 
deposits (sand and gravel mixtures) to the total depth explored (80 – 116 feet).   

Groundwater conditions in the flood plain are influenced heavily by the stage of the Ohio River.  In the 
extreme, flood levels up to elevation 450 feet (100-year flood) may be experienced, but lesser floods can 
be expected annually that are capable of inundating the project area.  The river stage is regulated and for 
much of the year the normal stage for McAlpine Upper Pool is elevation 420 feet.  Groundwater levels 
near the river may be expected at a similar or slightly higher elevation. 
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2.3 Seismicity

The seismic acceleration coefficient (A) for the site is derived from contour maps prepared by the U.S. 
Geological Survey (USGS) (LRFD BDS Figures 3.10.2-1-3) for the design earthquake.  The Louisville 
area coefficient is 6% (corresponding to an acceleration of 0.06 times gravitational acceleration).  This 
places the structure in Seismic Zone 1 (A  0.09).  There is a 90% probability that this acceleration will 
not be exceeded during a 50-year period.  The return frequency for such an event is about 475 years. 

Design specifications for seismic design are currently under review at AASHTO and are expected to 
undergo major changes, perhaps as soon as 2007 (Imbsen, 2006).  The Designer should be aware of the 
status of these changes as the design moves forward and request ongoing assistance from a geotechnical 
engineer, as appropriate. 

3. FIELD INVESTIGATION PROGRAM

Drilling and sampling were performed by Fuller, Mossbarger, Scott and May Engineers, Inc. (FMSM) of 
Lexington, Kentucky between May 22 and 31, 2006.  The subsurface exploration consisted of three structure 
borings, designated as Borings 4B-248, 4B-249, and 4B-250.  Boring 4W-270 was drilled for an adjacent 
structure and serves to increase the level of detail for both.  Borings 4B-248 and 4B-249 were drilled to a 
depth of 80 feet, while Boring 4B-250 was terminated at a depth of 116.5 feet bgs.  Boring 4W-270 was 
drilled to a depth of 80 feet.  The borings were marked in the field by a Qk4 survey crew in accordance with 
an approved plan.  

As-drilled boring locations are shown on Exhibit 2, and summaries of the drilling information are presented 
in Table 3.  The Coordinate Data Submission Form, provided by the Kentucky Transportation Cabinet 
(KYTC) Geotechnical Branch, is completed and included in Appendix A.  The logs of three borings drilled in 
1962 for construction of the original interchange (Holes #DD, #E, #EE) were consulted for general 
stratigraphic correlation. 
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Table 3:  Boring Summary for the Recommended Structure 

Sub-Structure 
Boring  

Number
Boring Location(1) 

(Station, Offset) 

Surface
Elevation 

(NGDV-Feet)

Bottom of
Hole

Elevation (Feet) 

Abutment 1 4W-270 335+17, 133 RT 445.05 365.05 

Abutment 1 4B-248 336+93, 136 RT 443.69 363.69 

Pier 1 4B-248 336+93, 136 RT 443.69 363.69 

Pier 2 4B-249 338+75, 136 RT 440.58 360.58 

Pier 3 4B-249 338+75, 136 RT 440.58 360.58 

Pier 4 4B-250 341+95, 101 RT 444.07 327.57 
            (1)  Feet along I-64 Centerline. 

The borings were drilled by FMSM using either an all-terrain-vehicle-mounted drill rig, Model CME 55, or a 
truck-mounted CME 85 equipped with 3.25-inch hollow stem augers.  The first 6.5 feet of Boring 4W-270 was 
drilled by vacuum extraction to address concern for sensitive utilities in the area.  Water was used to reduce the 
amount of “blow-back” of the granular materials once the borings advanced below the surficial clay.   

Soil sampling was performed using an auto hammer according to the AASHTO T-206 “Standard Method for 
Penetration Test and Split Barrel Sampling of Soils.”  FMSM indicated that the auto hammer efficiency of 
this hammer system is 80 percent.  Undisturbed samples were obtained from the cohesive soil layers 
according to AASHTO T-207 “Standard Method for Thin-Walled Tube Sampling of Soils.”  The soil 
samples were obtained at 5-foot intervals starting 2 feet below the existing ground surface.  Upon completion, 
borings were backfilled with soil cuttings.       

An engineer monitored the drilling activities and maintained field boring logs.  The field logs included results 
of Standard Penetration Tests (SPT) recorded as blows per 6 inches.  These data were used to determine the 
values shown on the Subsurface Data Sheet (Exhibit 4) as N values representing blows per 12 inches.  In the 
field, the soils were classified according to American Society for Testing and Materials (ASTM) D-2488 
“Description and Identification of Soils: Visual – Manual Procedure”. 

All split-spoon samples collected in the field were placed in sealed, glass jars and transported to Wang 
Engineering Inc. (WEI’s) geotechnical laboratory in Lombard, Illinois.  At the time the field investigation 
was conducted, WEI was the responsible geotechnical engineering firm for this structure. All field visual 
classifications were reviewed in the laboratory.  

4. LABORATORY TESTING AND RESULTS

Selected soil specimens recovered from split-spoon and Shelby tube samples were tested for natural 
moisture content, particle size distribution, Atterberg limits, and unconfined compressive strength after 
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the KYTC approved the laboratory test request.  One-dimensional consolidation, and consolidated-
undrained triaxial resistance were measured using some of the Boring 4B-248 samples primarily to 
support analysis of the Abutment 1 foundation. The laboratory tests were performed according to 
applicable AASHTO or Kentucky Methods.  

The test results are shown on the Subsurface Data Sheet (Exhibit 4), and the results of consolidation and 
triaxial tests are presented in Appendix B.  Soils were classified using indices based on ASTM D-2487 
“Classification of Soils for Engineering Purposes (Unified Soil Classification System)” and AASHTO M-
145 “Classification of Soils and Soil-Aggregate Mixtures for Highway Construction Purposes.”  The test 
results were used to establish material properties, and in subsequent engineering analyses to evaluate 
foundation design and construction alternatives. 

4.1 Undisturbed (Shelby) Tube Samples

Undisturbed (Shelby) tube samples of the clay layers were obtained from all borings.  The samples were 
extruded from the tubes, visually described, and trimmed into 6-inch specimens.  Unit weight (dry and 
moist) and natural moisture contents were determined for each specimen.  Selected specimens were 
subjected to engineering classification, unconfined compressive strength, one-dimensional consolidation 
and consolidated-undrained triaxial tests. 

4.1.1 Engineering Classification Testing 

Classification testing was performed on selected Shelby tube samples.  In most cases, one soil 
classification test was completed per Shelby tube.  Soils from the Shelby tube samples were classified 
mostly as clay (CL), according to the Unified Soil Classification System, and as A-6(15) and A-6(16), 
based on the AASHTO classification system. 

4.1.2 Unconfined Compressive Strength Tests 

The results of unconfined compressive strength tests are presented on the Subsurface Data Sheet (Exhibit 
4) and are summarized in Table 4.  The undrained shear strength (commonly referred as “undrained 
cohesion”) is one-half of the unconfined compressive strength.  



Kennedy Interchange 
S0180, B3RD-1 
April 18, 2007 

              7 

Table 4:  Unconfined Compressive Strength Test Results 

Boring 
Number

Location 
Sample 
Interval 

Depth (ft) 

Dry Unit 
Weight 

(pcf) 

Moist Unit 
Weight (pcf)

Moisture 
Content (%) 

Unconfined 
Compressive 
Strength (tsf) 

4B-248 336+93, 136 RT 30 – 32 104.46 128.91 23.41 0.76 

4B-249 338+75, 136 RT 20 – 22 103.05 126.64 22.89 1.29 

  25 – 27 97.74 121.49 24.29 0.23 

4B-250 341+95, 101 RT 15 – 17 96.82 123.92 27.99 0.81 

  20 – 22 98.89 125.53 26.94 0.65 

  25 – 27 101.49 125.53 23.69 1.84 

  30 – 32 127.26 102.10 24.65 0.52 

4.1.3 One-Dimensional Consolidation Tests 

Two one-dimensional consolidation tests were performed on clay samples from 20 and 30 feet below the 
ground surface (bgs).  The results are summarized in Table 5, as follows: 

Table 5:  One-Dimensional Consolidation Test Results 
Boring/Sample 

Number
Depth (bgs) (ft) Cc

(1) OCR(2) CV
(3) (ft2/day)

4B-248 #4 20-22 0.189 1.0 0.15 

4W-270 #7 30-32 0.298 1.0 0.10 
(1) Cc-field corrected compression index 
(2) OCR-over consolidation ratio 
(3) CV-consolidation coefficient 

Laboratory data are provided in Appendix B. 

4.1.4 CU Triaxial Test 

A consolidated-undrained triaxial test was performed on a sample of clay from Boring 4B-248 at 20-27 
feet bgs.  The effective friction angle ( ') was 32.1 degrees and the effective cohesion (c') was zero.  
Laboratory data are provided in Appendix B. 

4.2 Standard Penetration Test Samples  

Standard Penetration Tests (SPT) and split-barrel (commonly known as split-spoon) sampling of soils 
were performed in granular materials or where drilling resulted in poor Shelby tube recovery.  SPT N-
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values ranged from 0 (push) to high values typically in the mid-thirties [blows per foot (bpf)].  The SPT 
N-values and laboratory test results, which include natural moisture contents, fine (silt and clay) contents, 
and engineering classifications, are presented on the Subsurface Data Sheet (Exhibit 4).  SPT values used 
for calculation of internal friction angles were adjusted in a two-step process.  First, the value was 
modified to account for the high efficiency (80%) hammer used in the test since N-  correlations are 
based on older 60% efficiency hammer systems.  Then the values were normalized to a constant effective 
stress of 1 atmosphere, creating a N1(60) equivalent.  These results are shown in Appendix C. 

5. SUBSURFACE CONDITIONS

Detailed information describing the soil conditions encountered during the subsurface investigation are 
presented on the Subsurface Data Sheet (Exhibit 4).  In general, the borings encountered similar soil 
conditions.  Specifically, below either asphalt pavement or a few inches of black, silty-clay topsoil, there 
was 8 to 10 feet of fill consisting of silty clay, silty sand and gravel.  Non-cohesive fill soils tended to be 
loose to medium dense and the fine-grained soils soft to medium stiff.  Below the fill is soft to hard, 
brown and gray, lean clay that extends to about 35 feet bgs.  The clay is usually underlain by medium-
dense sand with gravel, followed by medium-dense to dense, poorly graded, sand and gravel, which 
extend to the termination depth.  The top of sand elevation was plotted at the current and 1962 boring 
locations.  Contouring was used to estimate the clay/sand interface surface configuration, as shown in 
Table 6.

Table 6:  Clay/Sand Interface 
Substructure Top of Sand Surface Elevation 
Abutment 1 407.5 

Pier 1 409.0 

Pier 2 410.5 

Pier 3 410.0 

Pier 4 409.0 

The borings produced samples at discrete locations within the subsurface environment beneath the site, 
and test data, whether insitu or exsitu, are representative only of those locations.  To evaluate the general 
characteristics of the subsurface units, the data collected during field and laboratory testing were 
examined by observation, supported by statistical methods. 

5.1 Man-made Fill  

Fill consists of a variety of cohesive and non-cohesive soils.  The unconfined compressive strength of near 
surface clay fill tends to be relatively high, as indicated by penetrometer testing in the field, suggesting that 
the material has been subjected to some compactive effort.  The properties of the fill will have only minor 
impact on the design of pier foundations, which are usually placed 5 feet or so below existing grade.  Fill 
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properties below about 5 feet are characterized as loose, silty sand for purpose of pier and shaft design, with 
an estimated effective internal friction angle of 31 degrees (°), based on the SPT derived values presented in 
Appendix C.   

The abutment design is more sensitive to the presence of fill because of the potential for slope instability, and 
for settlement with associated downdrag on piling.  For assessment of these effects and the design of 
abutment foundations, the fill is assumed to be soft to medium-stiff, silty clay (Boring 4B-248). 

5.2 Flood Plain Deposits (Clay)

This stratum is a significant member of the overall soil profile, capping the deeper outwash sands with about 
25 feet of near-normally consolidated clay.  The material tends to be silty clay, and unconfined compression 
testing suggests a highly variable strength profile.  However, it is possible that this variability is more a 
reflection of the silt content than the actual strength of the material; silty samples with low cohesion tend to 
yield low apparent unconfined, compressive strength.   

An analysis of the unconfined, compressive strength test results shows no significant correlation of strength 
with depth but the mean shear strength is similar from boring to boring.  The mean shear strength (based on 
50% of the unconfined, compressive strength) is calculated to be 871 psf, however the standard deviation is 
high (534 psf).  Using a ?t’ test produces 90% confidence that the mean is greater than 377 psf.  By 
eliminating two high outliers the standard deviation is reduced and the 90% confidence limit mean increases 
to 490 psf. 

Theoretically, the shear strength of normally consolidated clay should increase in a generally linear fashion 
with depth, proportional to the effective stress under which it has consolidated.  Using this approach, a shear 
strength profile of 262 psf at a depth of 10 feet (base of the fill) increasing to 814 psf at the base of the clay 
layer would be predicted.  The mean shear strength would be 538 psf, generally consistent with the means of 
the measured values. 

As indicated above, the silt content of the soil is likely to play a large role in determining the unconfined 
compressive strength.  This effect is minimized in the consolidated-undrained triaxial test and in fact, the 
siltier the sample the higher ’ is likely to be.  Results of such a test conducted on a sample from Boring 4B-
248 and tests preformed on generally similar material from other borings yielded the following results:  

Table 7:  CU Triaxial Test Results 
Boring Classification Effective Friction Angle Effective Cohesion 

1W-66 A-6(8) '=31.2°  c'=190 psf 
2B-106 A-6(15) '=31.4° c'=240 psf 
4B-248 A-6(9) '=32.1º c'=0 psf 
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5.3 Sands  

Sands extend beneath the floodplain clays to the total depth investigated.  They comprise a variety of 
gradations and silt content with silty sands at one end of the spectrum and gravel (less frequently) at the other.  

Effective stress parameters were estimated using corrected SPT blow counts – N1(60) values as presented in 
Appendix C.  The values of ' (effective internal friction angle) ranges from a high of 49° to a low of 30° 
throughout the area investigated.  Since these values are all derived from N values, the variability must be 
examined in that context.  For example, the highest ' value is in a gravel (GP-GM) sample as may be 
expected ( ' = 49°).  More surprisingly, the second to highest is a silty sand (SM) sample ' = 45°.  This result 
suggests that the presence of occasional large gravel particles could be having a significant impact on the raw 
N values, which is then reflected, in the calculated friction angles.  Conversely, variations in the water level in 
the borings change effective stress conditions and may lead to under reporting of N, as appears to happen in 
the deeper part of Boring 4B-250. 

An analysis of the friction angle data set for the four borings showed no significant correlation of ' with 
depth and indicated that the results as a whole were near-normally distributed.  The overall mean value of '
is 34.6°, although this is higher than the individual mean in Boring 4W-270, suggesting that it would be a 
non-conservative value to use in design.  The 90% confidence level mean is 33.7°, the value recommended 
for use in design. 

The base of the outwash deposits was not determined with certainty, but nearby Boring B-247 was terminated 
at refusal at a depth of 93.6 feet (elevation 345.46 feet), which may be the top of bedrock.  Other borings in 
the area (e.g. Boring 4B-250) were extended to elevations as low as 327.57 feet without encountering refusal.  
It should be noted that regional geological analysis suggests a valley floor at about elevation 335 feet.  
However, elevations could be substantially higher depending on proximity to the valley wall, or deeper where 
there are local irregularities. 

5.4 Rock

Rock compressive strength testing (qu) was conducted on samples from a nearby boring 4B-252 to support 
possible design of drilled shafts founded on rock.  The rock appears to be dolomite based on its position in 
the geological column, and samples were tested at elevations 348.5 feet, 344.0 feet and 336.5 feet.  The 
results varied from 8660 psi to 14730 psi with a mean of 11067 psi.  Using a ?t’ test, the mean is estimated to 
be greater than 5632 psi at a 90% confidence level. 
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5.5 Groundwater

FMSM installed groundwater observation wells in Borings 3B-177 and 3B-190 drilled for other bridges, 
and provided groundwater fluctuations during an established period.  Groundwater levels fluctuated 
between elevations 420 to 423 feet. Groundwater was encountered in the borings at depths between 27 
and 40 feet, corresponding to elevations of 413 and 405 feet.  These elevations correspond roughly with 
the base of the lean, clay layer, which serves as a confining layer.  Stabilized readings were not taken after 
completion of drilling.  It should be noted that groundwater levels fluctuate significantly throughout the 
year with springtime increases that may be measured in tens of feet.  The Federal Emergency 
Management Agency (FEMA) flood map for Louisville shows a 100-year flood elevation of 450 feet msl, 
which would inundate the bridge site to a depth of about 6 feet.   

5.6 Selection of Design Parameters

Examination of the soil conditions along the bridge alignment suggests that the westerly end of the 
project (Boring 4W-270) is underlain by slightly better conditions (less fill and floodplain deposits) than 
are present elsewhere.  Accordingly, for purposes of design, the substructures have been divided into two 
groups:  Abutment 1 (A1) and Piers 1-4 (P1P4). 

The soil strength profiles for these two design cases have been generalized in Table 8.  Depths are below 
ground surfaces. 

Table 8:  Soil Strength Profiles 
Profile Depth (feet) Soil 

Abutment 1 (A1) 0-7 silty clay (fill) Su=500 psf
 7-29.5 silty clay Su=500 psf
 29.5-116 fine-medium sand ’=33.7°

Piers 1-4 (P1P4) 0-10 silty sand (fill) ’=31.0°
 10-36 silty clay Su=500 psf
 36-116 fine-medium sand ’=33.7°

Deep foundations may encounter bedrock at depths in excess of about 80 feet. 

Design of foundations should consider that groundwater levels are likely to be at, or near, normal 
(elevation ~ 421 feet) during construction, but that seasonal increases will occur such that groundwater 
levels will be at the ground surface for extended periods.  This provides the worst-case scenario for axial 
resistance analysis of deep foundations. 

6. SETTLEMENT AND GLOBAL STABILITY EVALUATIONS

The west end of the planned bridge is supported on an abutment behind which there will be 
approximately 14 feet of new embankment.  Settlement of the foundation soils under embankment loads 



Kennedy Interchange 
S0180, B3RD-1 
April 18, 2007 

              12 

may create differential movement at the transition from bridge to embankment, and may also create 
downdrag forces on deep foundation elements.  Analyses were conducted to estimate the magnitude of 
settlement-related design constraints at the abutment. 

The upper 29 feet of foundation soil at the abutment is fine grained and much of it (the lower 22 feet) is 
normally consolidated.  The upper 7 feet is man-made fill and the stress history is not known.  It is likely 
that some compaction occurred during placement and that subsequent land use imposed stresses in excess 
of those that would be expected in normally consolidated material.  The deeper soils are sands and are 
subject to elastic compression under increased load.   

Settlement estimates for the fine-grained soils were made using the computer program EMBANK 
(FHWA 1992) and the elastic settlement of non-cohesive soil was estimated primarily using the Hough 
method (LRFD BSD), discussed below.  Results of these analyses are presented in Table 9. 

Table 9:  Abutment 1 Settlement Estimates 
Stratum Settlement (inches) Notes 

fill and floodplain silty clay 14.1 fill is normally consolidated 

 9.0 fill over-consolidated 1,000 psf 

outwash sands 0.6 Hough’s method 

 1.1 Schmertmann (1970) 

 1.2 simple elastic calculation with 
Boussinesq stress distribution 

Clearly, the fine-grained soils are the source of the major portion of the settlement, representing more 
than 90% of the movement that may be expected, regardless of the stress history of the existing fill.  
However, the estimated settlement of the sands could be critical in this design because of the potential for 
downdrag loads on deep foundations.  Hence, the use of multiple techniques to assess whether the Hough 
method produces a conservative result (as it is often believed to) or not.  Alternative methods suggest that 
the compression of the sand, while still small compared to the cohesive soils, could be greater than that 
predicted by Hough's method.  According to LRFD BDS, the frictional resistance of materials in the zone 
above a point on the pile where settlement of the foundation soils is equal to 0.4 inches or greater must be 
ignored, and computed as a downdrag load.  It is therefore important to locate the depth at which 0.4 
inches of settlement occurs as accurately as is practicable.  The maximum depths at which 0.4 inches of 
settlement is calculated to occur using the above three methods are as follows: 

Hough    37 feet 
Schmertmann   73 feet 
Boussinesq   70 feet 

The significance of these values is that, first, there is a wide spread in the results and fine-tuning the 



Kennedy Interchange 
S0180, B3RD-1 
April 18, 2007 

              13 

analyses is not likely to reduce it much.  Second, if the larger values (i.e., greater depths) are to be 
believed, then deep foundations that rely on skin friction for geotechnical resistance may not be feasible.  
Even the Hough-derived value of 37 feet will carry a substantial downdrag load/lost capacity penalty.  
This topic is pursued further in the section on deep foundation design. 

The rate of settlement for the clay will be quite slow: 90% of the movement is expected to take several 
years.  The sand will compress quickly with movement largely complete soon after construction of the 
embankment.  This points to perhaps the simplest method for reducing downdrag-related loads and 
resistance penalties associated with the sand.  If the embankment can be constructed before the deep 
foundations are installed, subsequent settlement associated with the sands can be virtually eliminated and 
with it the portion of the downdrag and capacity reduction associated with the sands.  This may require 
temporarily building the embankment and then removing a portion of it in order to construct the abutment 
foundation, but there would be no need for an extended 'preload' period as there would if consolidation of 
the cohesive soils were the objective. 

There is no simple way to mitigate the relatively large total settlement that is anticipated for the 
embankment and the associated differential movement between the fill and the abutment.  Preloading is 
unlikely to be feasible because of the extended time that would be required.  Lightweight fill may be too 
buoyant during anticipated floods.  Wick drains may be a possible means for accelerating settlement but 
are still unlikely to produce the desired results within an acceptable time frame.  Stone columns may be a 
feasible method of providing more stable embankment support.  Alternatively, moving Abutment 1 to the 
west about 90 feet down the ramp to station 423+00 (i.e., add a span to the structure) would eliminate the 
need for new fill and solve both the downdrag and settlement problems.   

The 12-inch, combined sewer located behind Abutment 1 and under the fill will likely suffer significant 
vertical movement, the actual magnitude of which will depend on its depth.  Relocation of the sewer may 
be the best option, although moving the abutment, as suggested above, would eliminate the need for 
mitigating the vertical movement of the sewer.   

The embankment height is less than 20 feet and does not trigger the requirement for global stability 
analysis (KYTC Geotechnical Manual GT-601-5); it is considered stable. 
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7. FOUNDATION ANALYSES AND RECOMMENDATIONS

7.1 General

Two alternate four-span structures are under consideration for the final design of Bridge B3RD-1, but 
foundation selection is unlikely to be affected by this choice.  One end of the structure connects to an 
elevated span of Bridge 3RD-8, so only one abutment is required near the ground level terminus of Ramp 
42.  The bridge plan for the recommended structure is presented in Exhibit 2. 

The presence of a substantial thickness of compressible clay at the site effectively eliminates 
consideration of shallow foundations for the abutment or the piers because of concern for excessive 
settlement.  Of the deep foundation alternatives, driven steel friction H-piles would normally be the most 
likely choice.  However, the need for the abutment foundations to resist quite severe downdrag loads 
requires that the possibility of using end bearing H-piles be considered too, as discussed below. 

In this section of the report the axial geotechnical resistance of friction H-piles is addressed first.  This 
sets the stage for discussion of pile load conditions, especially the impact of downdrag loads on the 
abutment foundations caused by the construction of the approach ramp embankment.  Possible means for 
mitigation of these conditions are then presented, and the process is repeated for a drilled shaft alternative 
design.  Three sizes of friction H-piles (12x53, 14x73, and 14x89) were analyzed for static and dynamic 
axial-bearing capacity, for pullout axial capacity and for pile drivability.  Geotechnical resistances of four 
diameters of drilled shafts (30”, 36”, 42” and 48”) were estimated.   

The LRFD design method requires independent consideration of the reliability of loads and resistances, 
and the assessment of structure performance under various limit states (e.g., service, strength).  For 
geotechnical resistance [or ?load bearing capacity’ as it is known under the Allowable Stress Design 
(ASD) system], this is accomplished through the use of resistance factors that are applied to the nominal 
(or ultimate) resistance estimates to yield ?factored resistance’.  These should not be confused with 
?allowable load-bearing capacities’.  They must only be used by the Designer in the context of an LRFD 
design and with appropriately factored loads. 

7.2 Pile Axial Capacity

7.2.1 Friction H-Piles 

Driven pile axial capacity evaluations were performed using the Tomlinson method for clays and 
Nordlund/Thurman method for sands to derive the nominal side resistance and nominal end bearing.  
Both methods are incorporated in the computer software APILE plus 4.0 (ENSOFT Inc., 2004).  The 
total, nominal, geotechnical axial resistance at a particular depth is the sum of the nominal side resistance 
and nominal end bearing at that depth.  The total, factored, geotechnical axial compressive resistance for 
static analysis was derived by multiplying the corresponding total nominal resistance by a resistance 
factor of 0.35 for clays and 0.45 for sands.  The total, factored, geotechnical axial compressive resistance 
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for dynamic analysis was derived by multiplying the corresponding nominal resistance by a unique 
resistance factor of 0.65 for both clays and sands.  The total, factored, geotechnical axial uplift resistance 
was obtained from the nominal side resistance multiplied by a resistance factor of 0.25 for clays and 0.35 
for sands.  These factors are specified in LRFD BDS Table 10.5.5.2.3-1. 

Axial capacity evaluations for three selected sizes of steel H-piles (12x53, 14x73, and 14x89) were 
performed for the project based on the assessment of soil conditions along the bridge alignment.  The 
results of pile evaluations for each foot of depth below the bottom of the pile cap are presented in the 
tables included in Appendix D.  It is to be noted that axial compressive resistance values in Appendix D 
are based on the assumption that positive skin friction develops along the entire pile length.  Pile 
capacities have been calculated for Piers 1-4 as a group based on generalized soil conditions that were 
described in Section 5. 

According to KYTC policy (August 18, 2006), maximum factored geotechnical resistance is limited as 
follows for 50 kips per square inch (ksi) steel H-piles:  

HP 12x53 - 200 kips (100 tons) 
HP 14x73 - 280 kips (140 tons)   
HP 14x89 - 340 kips (170 tons) 

Table 10 summarizes the required pile lengths and pile tip elevations as estimated for the maximum-
factored, geotechnical resistance indicated above for each of the three pile sizes.  Should more (or less) 
capacity be required, refer to the pile capacity tables in Appendix D.  H-pile lengths at each substructure 
location should be adjusted accordingly, based on the actual pile driving conditions encountered in the 
field and the designed pile cap elevations. 

It should be noted that nearby drilling encountered refusal at an elevation above some of the predicted 
pile tip elevations presented in Table 10 (elevation 345.46 feet); regional analysis of the bedrock 
conditions suggest that the valley floor may be encountered at about elevation 335 feet.  Therefore the 
possibility of meeting refusal while driving piles to the stated depths cannot be ruled out.  Where this 
occurs, it may be assumed that the design geotechnical axial compressive resistance of the pile has been 
attained.
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Table 10: Estimated H-Pile Lengths for Maximum Factored Geotechnical Resistance,  
Based on Static Analysis Method. 

Substructure Pile Size 
Maximum Total Factored 

Geotechnical Axial 
Compressive Resistance 

Estimated 
Pile

Length(1)

Estimated 
Pile Tip 

Elevation 

Total Factored 
Geotechnical Axial 
Uplift Resistance(2)

(kips) (tons) (feet) (feet) (kips) (tons) 

HP 12x53 200 100  

HP 14x73 280 140 see discussion below Abutment 1 

HP 14x89 340 170  

HP 12x53 200 100 85 354 148 74 

HP 14x73 280 140 95 344 208 104 Piers 1-4 

HP 14x89 340 170 108 331 252 126 
(1)  Below the bottom of the pile cap. 
(2)  Estimated uplift resistance for the corresponding estimated pile length. 

7.2.2 Abutment Foundations 

Standard Driven H-Piles 

Absent downdrag loading, a friction H-pile foundation design for the abutment would be generally similar 
to that shown above for Piers 1-4.  The piles would be a little shorter because the soil profile is slightly 
more favorable, but for the purpose of this discussion it is assumed that they are the same. 

As described in Section 6, the soils beneath the abutment are compressible and subject to an increase in 
effective stress caused by the placement of 14 feet of fill.  The resulting movement is likely to result in 
additional loading to deep foundations and these downdrag loads must be accommodated in the design of 
substructure components. 

LRFD BDS requires that the downdrag load be calculated as the frictional resistance existing above a 
point on the pile where the soil settlement is equal to or greater than 0.4 inches.  Further, the geotechnical 
resistance of this part of the pile is to be ignored.  The approach discussed in Section 6 indicates that the 
0.4-inch settlement point is estimated to occur at a depth between 37 and 73 feet.   

Analysis of the 85-foot long HP 12x53 pile described in Table 10 using the neutral plane method, 
suggests that the neutral plane is 50 feet below the ground surface – somewhere near the mid-point of 
depths predicted by the settlement analyses.  The neutral plane is located at a depth where the downdrag 
load approaches zero, and geotechnical resistance can begin to take effect.  The analysis assumes that the 
maximum factored resistance of 100 tons is imposed, 90% of which is dead load and 10% live.  Using a 
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load factor of 1.25, the actual dead load would be 72 tons (or 144 kips). 

With a neutral plane at a depth of 50 feet, the nominal geotechnical resistance for the pile between 50 feet 
and 85 feet is 150 tons, and the downdrag is 90 tons.  The factored geotechnical resistance (using 0.45 for 
sand) is 67.5 tons, considerably less than the unfactored downdrag.  Analysis of the HP 14x89 pile 
produces similar results: a factored geotechnical resistance of 110 tons that is less than the unfactored 
downdrag of 143 tons. 

It must therefore be concluded that, based on LRFD BDS requirements for accommodating downdrag, 
standard friction H-piles cannot be used to support the abutment.  It should be noted that if the abutments 
are not supported on friction H-piles, their possible use in the pier foundations must be reviewed carefully 
to ensure compatibility with the system that is ultimately selected for the abutment. 

Alternative Foundation Systems 

Relocation  As indicated in Section 6.0, the most effective mitigation from a geotechnical standpoint is to 
relocate the abutment about 90 feet to the west in order to eliminate the need for fill.  This in turn would 
eliminate the downdrag forces thereby making feasible the use of standard friction H-piles of a similar 
size and length as those used for the piers.

Ground Improvement  Another approach to reducing settlement is to improve the soil conditions beneath 
the fill.  This could be accomplished by using stone columns, controlled modulus columns, or one of the 
other hybrid systems that essentially provides a dense grid of support throughout the foundation footprint.  
The columns work by effectively supporting the embankment on the underlying sands, thereby relieving 
the stress in the compressible clays.  These techniques are increasing in popularity as their effectiveness is 
demonstrated on similar projects.  Specialty contractors typically specify and build the systems based on 
their proprietary designs and equipment.  Lower costs may be achieved if there are multiple applications 
for this technique throughout the interchange and economies of scale can be realized.  Through use of this 
technology, the need for a deep driven foundation might even be eliminated. 

Precompression  In Section 6, the possibility of reducing downdrag by accelerating elastic compression of 
the non-cohesive soils was raised.  This involves construction of the embankment in advance of deep 
foundation installation.  In this scenario, the outwash sands become the equivalent of an incompressible 
layer, and the neutral plane can be assumed (for simplicity) to be at the base of the overlying 
compressible soil.  As a result, two improvements in pile performance can be anticipated.  First, the 
length of pile subject to downdrag and for which no geotechnical resistance can be claimed is reduced, 
and second the magnitude of the downdrag itself is reduced.  The results are illustrated in the following 
table.
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Table 11: Downdrag Effects – Precompression of Sands 

Pile Size 

Table 10 
Maximum 
Factored

Geotechnical 
Resistance 

(kips)

Length 
(Ft.) 

Downdrag 
Load (factored) 

(kips)

New Factored 
Geotechnical 

Resistance 
(kips)

“Capacity” 
Reduction(1)

(%) 

HP 12x53 200 85 69 113 43.5 

HP 14x73 280 95 81 182 35.0 

HP 14x89 340 108 83 236 30.6 
(1) Considers downdrag load and reduction in frictional resistance. 

These values are not intended to be used in design, but are illustrative of the reduced impact of downdrag 
after precompressing the sands.  The % reduction is the impact on overall load bearing capacity caused by 
downdrag effects.  Note that the reduction without precompression is more than 100% as discussed 
above, so this represents a significant improvement.  On this basis, it appears that driven friction H-piles 
are a feasible foundation type subject to appropriate construction sequencing and compensation for the 
reduced efficiency of each pile.  If this approach is adopted, individual piles may be designed as described 
below.

Static Analysis Method

RC = (RFz – RDD + RTz) (0.45) 

and

RUL = (RULFz  – RULDD)

where RC is the maximum factored geotechnical compressive resistance for a pile of length z ft., (kips), 
RUL is the maximum factored geotechnical uplift resistance for the same pile, RFz is the nominal side 
(friction) resistance at depth z from the appropriate Appendix D Table, RDD is the nominal downdrag 
from Table 12 below (kips), RTz is the nominal tip resistance at depth z from Appendix D, RULFz is the 
factored uplift resistance at depth z feet from Appendix D, RULDD is the factored uplift reduction due to 
downdrag* from Table 12, and 0.45 is the axial compressive resistance factor for sand.  [*Note that this 
reduction is added back, in part at least, as a factored load in the downward direction during calculation of 
uplift resistance.] 
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Table 12:  Downdrag Parameters 

Pile Size 
Nominal Downdrag 

RDD 
(kips)

Factored Uplift Reduction  
RULDD
(kips)

HP 12x53 49 13 

HP 14x73 58 15 

HP 14x89 59 17 

Dynamic Analysis Method

Compressive resistance computed using the dynamic analysis method produces a higher level of 
confidence in the predicted capacity, but must still be discounted for the effect of downdrag.  Values 
presented in Appendix D may be adjusted as follows: 

RCDYN = (RDYNz - RDDDYN)

where RDYN is the maximum factored axial geotechnical resistance (dynamic analysis method) for a pile 

of length z ft., RDYNz is total factored geotechnical axial compressive resistance (dynamic analysis 
method) at depth z from appropriate Appendix D table, and RDDDYN is the factored downdrag from Table 

13 below. 

Table 13:  Dynamic Method Downdrag Parameters 

Pile Size 
Factored Downdrag 

RDDDYN
(kips)

Unfactored Downdrag Load 
(kips)

HP 12x53 37 57 

HP 14x73 44 68 

HP 14x89 46 71 

The unfactored downdrag loads should be appropriately factored and added to other loads applied to the 
pile.

Bituminous Coatings  In the class of solution that deals with the drag load, there are two approaches to 
minimizing its impact.  First, this load can be significantly reduced by coating the pile with bitumen in the 
downdrag zone.  This has been known to reduce downdrag by anywhere from 50% to 90% in tests.  
Bitumen creates a low-shear strength zone that is estimated to be on the order of 200 psf (FHWA, 1998).  
The clays primarily responsible for creating the shallow downdrag forces have an average shear strength 
of 500 psf.  Downdrag would therefore be effectively reduced by about 60%.  The reduction in the sands 
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theoretically could be greater, but it may be difficult to guarantee the integrity of the bitumen coating 
during driving through sand; it would be prudent to just accept the more conservative reduction value in 
the clay.  However, there is still a large loss of geotechnical resistance because only that below the 0.4-
inch soil settlement mark (or the neutral plane) may be considered.  The net result is estimated to be, for 
example, a 108-foot long HP-14x89 with a factored geotechnical resistance of 110 tons and an unfactored 
downdrag of 57 tons.  With a load factor of 1.25 this becomes an offset of 71 tons leaving fewer than 40 
tons of 'useful' capacity in a pile that, as shown in Table 10, started life with 170 tons of factored axial 
resistance.  If precompression of the sands is accomplished, as described above, 60% reduction of the 
remaining downdrag forces would substantially eliminate this capacity reduction.   

Founding on Bedrock  The second approach to downdrag mitigation involves extending the piles to 
bedrock.  If as suspected, the bedrock horizon is at about 335 feet, it may be possible to drive the piles to 
bedrock and eliminate the reduction of capacity caused by the '0.4-inch settlement' rule.  In other words, 
the example above would still retain a 170-ton factored resistance because support is not derived from 
frictional resistance above or below the 0.4-inch settlement mark.  The downdrag magnitude would not be 
affected; if the pile were untreated, the downdrag would be on the order of 50 tons (unfactored).  If 
bitumen coating were to be used, the downdrag would likely be on the order of 20 tons (unfactored) 
leaving more than 140 tons of useful resistance.  If the abutment piles are to be driven to bedrock, 
consideration also should be given to driving all the piles to bedrock (piers as well) where differential 
vertical movement might be unacceptable.   

7.2.3 Drilled Shafts 

As an alternate to H-pile foundation support, a drilled shaft option was analyzed.  Axial capacity 
evaluations were performed using the alpha-method for clays and beta-method for sands to derive the 
nominal side resistance, and the method developed by O’Neill and Reese (FHWA, 1999) was used to 
derive the nominal end bearing capacity.  These analyses result in a shaft that derives the bulk of its 
support from frictional resistance in the soil column. 

The following factors were applied to the nominal resistance in order to obtain the factored resistance: 
0.45 for side resistance in clays, 0.40 for end bearing in clays, 0.55 for side resistance in sands, and 0.50 
for end bearing in sands.  The total factored geotechnical axial compressive resistance at a particular 
depth is the sum of the factored side resistance and factored end bearing at the corresponding depth.  The 
total factored geotechnical axial uplift resistance was obtained from the nominal side resistance multiplied 
by a resistance factor of 0.35 for clays and 0.45 for sands (LRFD BDS Table 10.5.5.2.4-1).  Where the 
upper 5 feet of a shaft was surrounded by cohesive soils, no frictional resistance was assumed to exist in 
this zone (FHWA, 1999). 

Axial capacity evaluations for four drilled shaft diameters (30”, 36”, 42”, and 48”) were conducted for the 
Pier 1-4 soil profile.  The results are presented in the tables included in Appendix E.  It is to be noted that 
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axial compressive resistance values in Appendix E are based on the assumption that positive skin friction 
develops along the entire shaft length unless the upper 5 feet of the shaft is in cohesive soil. 

Design of a shaft-supported foundation for Abutment 1 involves consideration of embankment-induced 
downdrag, as was the case for the driven pile designs discussed above.  For the purpose of this 
assessment, it is assumed that the geotechnical characteristics of the subsurface profile at the abutment are 
sufficiently similar to those at the piers for the same shaft design to be applicable (i.e. as presented in 
Appendix E). 

A 30-inch diameter shaft is evaluated to determine the likely impact of downdrag.  A 114-foot deep shaft 
(assumed to be founded in soil, not on bedrock) has a factored, geotechnical resistance of a little over 
1200 kips if there is no downdrag effect.  This means that the maximum factored load cannot exceed 1200 
kips of which 90% is assumed to be dead load.  If the load factor is 1.25, then the actual dead load is 864 
kips.

Constructing a neutral plane diagram shows the plane to be 65 feet below ground surface.  The associated 
downdrag is 320 kips (unfactored) and the nominal geotechnical resistance has now been reduced to 700 
kips, or 316 kips factored.  The shaft is therefore so inefficient that its use cannot be recommended for 
support of the structure.  An analysis with similar results can be made for the other shaft diameters. 

Solutions of the same general classes as for the driven pile system can be implemented, i.e., relocation of 
the abutment, ground improvement and end bearing on bedrock.  Bituminous coating is not feasible, but 
other methods for creating a low-shear strength zone may be possible.  Of these options, however, only 
end bearing on bedrock requires further elaboration. 

The axial resistance of a shaft founded on (or socketed into) bedrock is a function of the compressive 
strength and structure of the rock formation providing support.  In this case the rock type is not known 
with certainty.  At nearby Boring 4B-252, was logged starting at an elevation of 354.7 feet msl (RQD 60 
– 70%).  Another boring in the area, (4B-247), encountered refusal at 345.5 feet msl.  Near Pier 4, 
however, Boring 4B-250 was drilled to 327.6 feet msl without encountering refusal.  Based on these 
elevations, the most likely rock type to be encountered would be dolomite. 

Assuming a compressive strength of 5600 psi, the nominal geotechnical resistance of a 30-inch diameter 
shaft in a 45-inch deep rock socket will be about 3100 kips.  With a resistance factor of 0.50, the factored 
resistance becomes 1550 kips.  As indicated above, downdrag on this size of shaft is estimated to be on 
the order of 320 kips (unfactored), or 400 kips factored.  This demonstrates the geotechnical feasibility of 
designing a reasonably efficient end-bearing shaft.  The geotechnical resistance of shafts of various 
diameters is shown below, along with a general indication of the downdrag to be considered in design.  
Final values can only be provided once actual dead loads have been allocated to the shafts. 
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Table 14:  Shaft-Resistance and Downdrag 
(all in kips except shaft diameter) 

Shaft Diameter 
(inches) 

Nominal End 
Bearing Resistance 

Unfactored  
Downdrag 

(no 
precompression) 

Unfactored 
Downdrag (with 
precompression) 

Axial Factored End 
Bearing Resistance 

30 3088 282 61 1544 
36 4445 339 74 2222 
42 6050 395 86 3025 
48 7903 452 98 3452 

(Subject to confirmation that q

7.3 Pile Driveability

A driveability assessment was made to provide guidance on the size of hammer likely to be required for 
installation of H-piles to the specified resistances without over-stressing the pile on the one hand, or using 
excessive blow counts, on the other. 

For purposes of the analysis, it was assumed that the Contractor will be installing piles with maximum-
factored geotechnical resistance, as shown in Table 10.  The soil profile representing Abutment 1 and 
Piers 1-4 was selected for analysis.  The Delmag family of hammers was selected as representative of 
diesel hammer performance for the applicable energy levels.   

Analyses were conducted using Wave Equation software (GRLWEAP) developed by Pile Dynamics, Inc. 
for 12x53, 14x73 and 14x89 steel H-Piles and using hammers with a range of driving energy from 20 ft-
kips to 80 ft-kips. 

The soils contributing to the driving resistance include the upper clay layer and the underlying sand 
layers.  In order to account for soil remolding, pore water pressure increase and corresponding shear 
strength decrease, the following skin friction reduction percentages proposed by KYTC were used to 
calculate driving resistance: 50% for clay and 25% for sand.  The driving resistances corresponding to the 
pile lengths in Table 10 can be found in Appendix D.  For each pile section/hammer combination, the 
relationship between static soil resistance (kips) and dynamic driving resistance [blows per foot (bpf)] 
was developed and plotted graphically. 

The hammer energy to adequately drive the piles without delivering excessive blow counts or 
overstressing the piles has been set on criteria established by FHWA (Soil and Foundation Workshop 
Manual) as blow counts between 30 and 144 blows per foot and maximum stress in steel less than 0.9 
times the yield (45 ksi for Grade 50 steel).  The results are shown in Exhibit 5.  It appears that the 60 ft-
kip and 80 ft-kip hammers are capable of driving all three sections to the maximum factored axial 
resistance without excessive blow counts and /or stress to the pile. The 60 ft-kip hammer appears suitable 
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for 12x53 and 14x73 sections, but a larger hammer (at least 80 ft-kip) should be considered for 14x89 
section H-piles. 

The Designer may use the driving resistance table in Appendix D and Exhibit 5 to correlate minimum 
driving resistance required to achieve a desired factored geotechnical axial resistance for other pile 
lengths, as needed. 

It should be noted that the information presented in Exhibit 5 is general in nature, and is not intended to 
replace independent analyses by pile driving contractors using actual hammer and driving accessory 
combinations.  Further, the results of wave equation analyses should be calibrated based on dynamic field 
testing prior to production driving and reliance on the predictions of static axial load capacity. 

7.4 Lateral Squeeze

Bridge abutments supported on piles driven through soft compressible cohesive soils may, under some 
circumstances, tilt because of lateral movement of the foundation soil associated with settlement strains.  
This phenomenon, known as lateral squeeze, is accentuated if there is a significant unbalanced load 
behind the abutment.  The analysis of this potential condition is made using two rules of thumb for 
purposes of preliminary foundation evaluation. 

First, lateral squeeze is not likely to occur if the vertical pressure exerted by the embankment behind the 
abutment is less than three times the undrained shear strength.  At this structure, the embankment load is 
estimated to be 1820 psf.  This suggests that if the foundation soil shear strength is less than 600 psf, 
lateral squeeze should be considered in design.  In fact, the design shear strength for pile and shaft design 
is 500 psf.  This is considered to be a conservatively low mean value but should, in any case, be cause for 
concern.

The magnitude of lateral squeeze displacement effects is assessed by the second rule of thumb, which 
suggests that horizontal movement may be as much as 0.25 times the vertical settlement.  This could 
amount to 2 – 3 inches, with the top of the abutment tending to move away from the embankment. 

There are various solutions to this problem.  First, lateral squeeze is unlikely to occur once the settlement 
of the embankment is substantially complete, at which time the foundations could be installed. This may 
not be a remedy that can be employed here because of timing issues. Eliminating the problem through the 
use of lightweight fill, whereby the embankment load is reduced below 1500 psf, is likely to be feasible, 
provided the fill is still sufficiently dense to resist buoyancy forces.  Relocation of the abutment, as 
discussed earlier, provides a positive and guaranteed solution. 

Engineering solutions that cope with the problem include provision of large expansion shoes that can 
accommodate increased movement, and the use of steel H-piles (as opposed to concrete) that have high 
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tensile strength in flexure.  The latter point merely assists in preserving the load bearing ability of the 
foundation once movement has occurred. 

7.5 Lateral Load Analysis Parameters

Deep foundation elements subjected to horizontal loads should be analyzed for maximum bending 
moments and lateral deflections.  The required lateral load capacity can be obtained by increasing the 
diameter or the embedment depth of the foundation element.  The Site Specific Idealized Soil Profile and 
corresponding recommended lateral soil modulus, and soil strain to be used to analyze the laterally loaded 
pile by the p-y curve method are shown in Appendix F.  The p-y curve method for laterally loaded pile 
analyses is routinely performed using either the L-Pile Plus or Com 624 computer software. 

7.6 Seismic Load Evaluation and Liquefaction Potential

The soil profile at the site corresponds most closely to Type 3 (LRFD BDS – Table 3.10.5.1-1) resulting 
in a Site Coefficient (S) of 1.5.  (A profile with soft to medium stiff clays and sands characterized by 30 
feet or more of soft to medium stiff clays with or without intervening layers of sand or other cohesionless 
soils.)

Liquefaction of saturated, loose cohesionless soil may occur in response to vibration such as occurs 
during earthquakes.  The attempted movement of individual soil particles is constrained by interstitial 
water, the pressure of which rises for the duration of the shaking.  This increase in pore pressure 
corresponds to a decrease in effective stress and a reduction of associated strength parameters critical to 
foundation stability.  Because saturated, cohesionless soils are present beneath the B3RD-1 bridge site 
and USGS has established seismic design parameters for the area, a preliminary assessment of 
liquefaction potential was made. 

The soils below a depth of about 35 feet bgs are predominantly silty sands, sands and gravelly sand 
mixtures.  At this depth the soils are permanently saturated.  The shallow surficial fill in the area is not 
dominantly cohesionless, but pockets of silty sand are present (e.g., Boring 4B-250).  These soils are 
typically not saturated, but may become so during the annual increase in stage of the Ohio River.  
Accordingly, an assessment was made considering the soils at a depth of 6 feet with a groundwater table 
at the surface, and at 35 feet, which is below the permanent water table. 

The analysis was conducted in accordance with the methodology proposed by Idriss and Boulanger 
(2004).  In this method the cyclic shear ratio (CSR) is calculated and compared with the cyclic resistance 
ratio (CRR) computed based on corrected SPT 'N' values.  The process is simplified by the use of 
graphical solutions to the underlying equations. 

Results of the assessment are presented in Exhibit 6, and show that the potential for liquefaction of the 
deep soils is remote.  While that of the shallow fill material is higher, it too is very low. 
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As indicated in Section 2.2, seismic design guidelines are currently under review by AASHTO; this 
section should be updated accordingly, if changes occur. 

8. SUMMARY OF FOUNDATION RECOMMENDATIONS

8.1 General  

1. The bridge foundation design is complicated by anticipated settlement of the proposed approach 
embankment that is expected to be on the order of 1 foot.  This creates an interface problem where the 
embankment and abutment meet; differential settlement at this location should generally be kept to 
less than 1 inch.  Settlement of the foundation soils also creates the potential for significant downdrag 
loads on deep foundation components. 

Mitigation of the differential settlement problem can be accomplished by relocation of the abutment 
about 90 feet west to eliminate the need for embankment fill.  Alternatively, ground improvement in 
the form of stone columns or similar proprietary systems (e.g., constant modulus columns) could be 
undertaken in order to substantially reduce settlement and associated downdrag loads. 

Downdrag loads on both driven friction H-piles and drilled friction shafts are potentially severe and 
can render those foundation types infeasible unless special precautions are taken.  These include: 

Precompression of the sands through early construction of the embankment 
The use of bitumen coating to reduce friction forces in the downdrag zone 
Founding support members on bedrock 

These precautions each provide a benefit, as described in earlier sections, and can be employed either 
individually or collectively. 

2. No embankments are planned in the vicinity of the piers and so settlement induced down drag is 
not a design consideration, however compatibility with the foundation at the abutment should be 
considered particularly if it is decided to found the support members on bedrock. 

3. Based on the geotechnical information developed during this investigation, end-bearing H-piles 
appear to represent the best candidate for supporting the proposed bridge substructures.  Shorter 
friction H-piles may be used for the piers, provided this is compatible with the abutment foundations.  

4. Foundation analyses were performed according to the provisions of LRFD BDS. 
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8.2 Steel H-piles

1. Three sizes of Grade 50 steel H-friction piles (12x53, 14x73, 14x89) were analyzed for static and 
dynamic axial bearing capacity, for pullout axial capacity and for pile drivability.  

2. Pile capacities were developed for two soil profiles, one representative of conditions at Abutment 
1, and the other, at the piers.  Axial capacity estimates for single, steel H-piles are provided in 
Appendix D.  Upon determination of the final H-pile locations, arrangement and loads, the designer 
should use the capacity estimates to determine the H-pile size and length.  The factored geotechnical 
axial resistance estimates provided in Appendix D are based on the LRFD BDS resistance factors.  

3. If load testing and/or dynamic analysis of driven piles in soil is conducted, the LRFD resistance 
factors used to determine the factored axial capacity for design purposes may be revised as outlined in 
LRFD BDS Table 10.5.5.2.3-1, based on site variability and the number and type of tests performed.  
The Designer should note that lateral capacity requirements will need to be revisited if the shaft 
lengths are revised based on load testing and/or dynamic analysis. 

4. All pile axial capacities presented in Appendix D are for single piles.  In addition to applying 
appropriate resistance factors, individual capacities for piles in-group configurations may be further 
reduced depending upon soil type, bearing condition of the pile cap, or center-to-center spacing as 
recommended in LRFD BDS.  The following criteria should be observed: 

Table 15:  Group Efficiency Factors 

Group Efficiency Factor 

Cohesive Soils
CTC

Spacing 
Cap not in firm Contact 

with Ground 
Cap in firm 

Contact with Ground 

Cohesionless Soils 
(Cap in or not in firm 
Contact with Ground) 

6B 1.00 1.00 1.00 

2.5B 0.65 1.00 1.00 

The notation “B” is the shaft diameter and the percent reduction may be linearly interpolated 
between the values and spacing provided. 

5. LRFD BDS include a resistance factor for horizontal geotechnical resistance of a single pile or 
pile group of 1.0 for lateral capacity analyses.  Appendix F provides the recommended soil 
parameters for use in lateral load pile analyses. 

6. For the initial group of piles installed, the piles should be left for a minimum of one day so excessive 
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pore pressure caused by driving operations can dissipate and the soils can set-up.  After the one-day 
waiting period, the piles should be re-struck to see if the required bearing capacity was achieved.  If the 
set-up effect is not significant, subsequent groups of piles will not require re-striking. 

7. Hammer selection was based on the ultimate driving resistance that 12x53, 14x73 and 14x89 steel 
H-piles would experience during the installation process.  The results of these calculations are 
presented in Exhibit 5. 

8. Upon selecting the pile size and length required to support the applied loads, the Designer should 
select the appropriate hammer required to drive the piles to the specified depths from Exhibit 5.  The 
Designer should place a note on the drawings that states:  “A hammer system capable of delivering a 
minimum energy of ___ foot-kips will be necessary to drive the piles to the maximum total factored 
geotechnical axial resistance without encountering excessive blow counts and over-stressing the piles.  
The Contractor should submit appropriate pile driving systems to the Kentucky Transportation 
Cabinet for approval prior to the installation of the first pile.  Approval of the pile driving system by 
the Engineer will be subject to satisfactory field performance of the pile driving procedures.” 

9. Drivability studies were performed assuming continuous driving.  If interruptions in driving 
individual piles should occur, difficulties in continuing the installation process will likely occur due to 
the pile “set-up” characteristics. 

10. LRFD BDS (Section 6.5.4.2) recommends the following resistance factors for determining the 
structural capacity of steel H-piles: 

Table 16:  Resistance Factors – H-Pile Structural Capacity 

Resistance  

Loading Condition Piles Subjected to 
Damage From Severe Driving 

Conditions(1)

Good
Driving Conditions 

Axial Resistance In 
Compression c=0.50 c=0.60

Combined Axial and 
Flexural Resistance N/A

c=0.70

f=1.00
 (1)Apply these values only to the section of the pile likely to be damaged during driving   (LRFD 

BDS Section 6.15.2). 

8.3 Drilled Shafts

1. This option has been evaluated for comparison with H-pile supported foundations. 
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2. Axial capacity estimates for drilled shafts are provided in Appendix E and were derived utilizing 
the LRFD resistance factors in LRFD BDS.  The capacities presented are for single shafts and do not 
include group reduction factors.  Upon determination of the final shaft locations and shaft loads, the 
Designer should use the capacity estimates to determine shaft size and length for each shaft.  

3. If load testing of drilled shafts in soil is conducted, the LRFD resistance factors used to determine 
the factored axial capacity for design purposes may be revised as outlined in LRFD BDS Table 
10.5.5.2.4-1. 

4. All shaft capacities presented in Appendix E are for single shafts.  In addition to applying 
appropriate resistance factors, individual capacities for shafts in group configurations should be 
further reduced depending upon center-to-center spacing as specified in the LRFD BDS.  The 
following criteria should be observed: 

Table 17:  Drilled Shaft Group Efficiency Factors 

CTC Spacing 
Group Efficiency Factor for 

 Cohesive Soils 
Group Efficiency Factor for  

Non-Cohesive Soils 

6B 1.00 N/A 

4B 0.80 1.00 

2.5B 0.65 0.65 

The notation “B” is the shaft diameter and the percent reduction may be linearly interpolated 

between the values and spacing provided. 

5. LRFD BDS calls for a resistance factor for horizontal geotechnical resistance of a single shaft or 
shaft group of 1.0 for lateral capacity analyses.  Appendix F provides the recommended soil 
parameters for use in lateral load analyses. 

6. The Contractor should embed the drilled shafts to the plan tip elevation or to an elevation as 
directed by the Engineer. 

7. If a temporary casing for drilled shafts is used during construction, the Contractor should either 
wait until concrete has been placed for the entire length of the shaft before pulling the casing, or the 
level of the concrete being placed should be maintained several feet above the hydrostatic head as the 
casing is retrieved.  These measures should be implemented by the Contractor to reduce the 
likelihood of soils collapsing into the shaft excavation and detrimentally affecting the structural 
integrity of the drilled shafts. 
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8. It is recommended that Class A Modified concrete, which is in accordance with the current 
KYTC Special Note for Drilled Shafts, be used in construction of the drilled shaft.  The concrete 
should also exhibit good workability, i.e., high slump.  Once an excavation is complete and the steel 
reinforcing cage has been placed, concrete should be tremmied to the bottom of the shaft and should 
replace/displace any water or slurry remaining after drilling operations.   

9. If drilling slurry is to be used during shaft installations, the slurry should be capable of 
suspending the soil particles encountered and not leave a thick coating of slurry, or “mud”, on the 
excavation sides or bottom.  In accordance with the current “Special Note for Drilled Shafts”, the 
Contractor shall submit a detailed plan for its use and disposal along with a drilled shaft installation 
plan to the Geotechnical Branch of the KYTC for approval prior to implementation.  The Contractor 
shall supply all equipment and construction techniques involving slurry that are necessary to maintain 
environmental standards. 

10. Drilled Shaft Integrity Testing will be required for each drilled shaft.  An appropriate number of 
Crosshole Sonic Logging (CSL) access tubes (approximately 3), consisting of 2-inch nominal 
diameter schedule 40 steel pipes, will be required.  These tubes should be shown on the drilled shaft 
details with the following note on the Drilled Shaft Detail Sheet: 

Perform non-destructive Drilled Shaft Integrity Testing on the Drilled Shafts 
using Crosshole Sonic Logging (CSL) in accordance with the “Special Note 
for Non-Destructive Testing of Drilled Shafts”.  The Department will pay for 
this testing and associated cost at the contract unit bid price for “CSL 
Testing”. This includes CSL Testing Mobilization and CSL Testing.  The 
access tubes are incidental to the shaft. 

11. Unless otherwise specified, all construction methods and materials used for drilled shaft 
installations shall be in accordance with the current “Special Note for Drilled Shafts”. 

9. QUALIFICATIONS

This investigation was performed in accordance with accepted geotechnical engineering practice for the 
purpose of determining bridge foundation recommendations only.  Verification of the subsurface 
conditions for purposes of determining contamination, difficulty of excavation, the effect of excavation 
on slope stability or existing structures, and trafficability is beyond the scope of this study.  The analyses 
and recommendations submitted in this report are based upon the data obtained from the borings drilled at 
the locations shown on Exhibit 2, and on the Subsurface Data Sheet (Exhibit 4).  This report does not 
reflect any variations that may occur between the borings or elsewhere on the site, and variations whose 
nature and extent may not become evident until a later stage of construction.  In the event that any 
changes in the nature, design or location of the proposed bridges are made, the conclusions and 
recommendations contained in this report should not be considered valid until the changes are reviewed, 
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and the conclusions and recommendations in this report have been modified or verified in writing by a 
geotechnical engineer. 

It has been a pleasure to be of service to Kentucky Transportation Associates in performing this 
geotechnical investigation for Structure 0180, Bridge B3RD-1. 

Respectfully Submitted, 

______________________    _____________________________ 
Gary R. Simmons, P.E.      Stuart Edwards, P.E. 
Principal       Senior Project Manager
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APPENDIX A 
COORDINATE DATA SUBMISSION FORM 



County Jefferson Date 1/9/2006
Road Number I-65
Survey Crew / Consultant QK4 / Barr & Prevost Inc. Notes:
Contact Person Gary Simmons All coordinates should be NAD-83 Latitude,
Item # 5-118.18 & 19 Longitude in Decimal Degrees
MARS # C-04224166
Project # S0180 Bridge3RD-1

Elevation Datum Sea Level Assumed

BORING
NUMBER

4B-248 336+93 136' Rt 443.69 38.2586517780 85.7510180750
4B-249 338+75 136' Rt 440.58 38.2586164020 85.7504175910
4B-250 341+95 101' Rt 444.07 38.2586266480 85.7492946120
4W-270 335+17 133'Rt 445.05 38.2586600810 85.7515985290

-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --

BORING
NUMBER

-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --
-- -- -- -- -- --

LONGITUDESTATION OFFSET ELEVATION (ft) LATITUDE

COORDINATE DATA SUBMISSION FORM
KYTC DIVISION OF STRUCTURAL DESIGN -- GEOTECHNICAL BRANCH

(Please Mark One)

STATION OFFSET ELEVATION (ft) LATITUDE LONGITUDE

A-1



APPENDIX B 
CONSOLIDATION AND STRENGTH TESTING 

LABORATORY RESULTS 



Project Name Kennedy Interchange - Phase 4 - S0160
Source 4B-248 #4, 20'-22'
Cv computation Method: Cassagrande

Initial Void Ratio = 0.579
In-Situ Vertical Effective Stress = 2400 psf

Compression and Swelling Indices
Compression index Cc = 0.155 Preconsolidation pressure, C

Field corrected Cc = 0.189 Casagrande Method = 2382 psf
Swelling index Cs = 0.027 Over-Consolidation Ratio (OCR) = 1.0

CONSOLIDATION COEFFICIENT (Cv) vs. VERTICAL 
STRESS

Sample 4B-248 #4, 20'-22'
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s:\cinci root\78880101 (geot gen)\lab testing\phase 4\4b-248\4b-248#4_consolidation.xls



Project Name Kennedy Interchange - Phase 4 - S9070
Source 4W-270 #7 (30'-32')
Cv computation Method: Cassagrande

Initial Void Ratio = 0.805
In-Situ Vertical Effective Stress = 2364 psf

Compression and Swelling Indices
Compression index Cc = 0.210 Preconsolidation pressure, C

Field corrected Cc = 0.298 Casagrande Method = 2340 psf
Swelling index Cs = 0.039 Over-Consolidation Ratio (OCR) = 1.0

CONSOLIDATION COEFFICIENT (Cv) vs. 
VERTICAL STRESS
Sample 4W-270 #7 (30'-32')

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

0.1400

100 1000 10000 100000
Vertical stress (tsf)

C
v (

ft2 /d
ay

)

CONSOLIDATION CURVE
Sample 4W-270 #7, 30'-32'

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

100 1000 10000 100000

Vertical stress (psf)

Vo
id

 ra
tio
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Project Kennedy Interchange - Phase 4 - S0160: Bridge 64-2
Sample ID 4B-248/336+ 93,136 Rt., 20' to 27'

Failure Criterion : Maximum Effective Principal Stress Ratio

Total and Effective Stress Paths and Effective Stress Strength Envelope
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Estimated Shear Strength Parameters:

Linear Fit: y = 0.532x
Effective Cohesion = 0 psi (0 psf)
Effective Friction Angle =32.1•

Deviatoric Stress (DS) and Pore Water Pressure (PP) VS. Axial Strain
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APPENDIX C 
CORRECTED SPT N-VALUES AND SOIL PARAMETERS 



Corrected SPT N-Values
 and Soil Parameters

4B-248Boring 4B-248
Kennedy Interchange Reconstruction - Phase 4
Ramp 42 (3rd ST to I-65 SB)
GWL (extreme) = 0 ft bgs (flood stage)
GWL (normal) = 22.69 ft bgs (Elevation 421 ft) estimated based on Ohio River Pool elevation

Soil Description
Classification

(USCS) Top Elevation  (ft)
Bottom Elevation 

(ft)

Undrained Shear 
Strength

(psf)

Raw Field
SPT Nfield

(Blow Count)

Hammer
Corrected SPT 

N60 (Blow Count)

Final Corrected 
SPT N160 (Blow

Count)

Internal Friction 
Angle

(degree)

Clayey sandy silt SC-SM 443.69 125 8 11 13 31

Soft silty clay CL 434.2 500 14 19 21
CL 434.2 250
CL 500
CL 1000
ML 410.7 760

Silty sand with gravel SP-SM 410.7 32 43 35 37
SP-SM 48 64 50 41
SP-SM 35 47 35 37
SW-SM 390.7 26 35 25 34

Medium sand SP 390.7 25 33 24 34
SP 27 36 25 34
SP 47 63 42 39
SP 45 60 39 38
SP 363.7 39 52 33 36

Equations: N1=CNNfield;   CN=[0.77log10(40/ v')], and CN<2.0; 1)

N60 = (80/60)Nfield ; [corresponding to 80% hammer efficiency] 1)

N160=CNN60;
    1)

(deg)=27.1+0.3Ncor-0.00054Ncor
2 2)

References: 1) AASHTO LRFD Bridge Design Specifications, Interim 2006, Section 10.4.6.2.4
2) Wolff, T. F. (1989). "Pile Capacity Prediction Using Parameter Functions," in Predicted and Observed Axial Behavior of Piles, Results of 
a Pile Prediction Symposium, sponsored by the Geotechnical Engineering Division, ASCE, Evanston, IL, June, 1989, ASCE Geotechnical

 Special Publication No. 23, pp. 96-106.
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Corrected SPT N-Values
and Soil Parameters

4B-249Boring 4B-249
Kennedy Interchange Reconstruction - Phase 4
Ramp 42 (3rd ST to I-65 SB)
GWL (extreme) = 0 ft bgs (flood stage)
GWL (normal) = 19.58 ft bgs (Elevation 421 ft) estimated based on Ohio River Pool elevation

Soil Description
Classification

(USCS) Top Elevation  (ft)
Bottom Elevation 

(ft)

Undrained Shear 
Strength

(psf)

Raw Field
SPT Nfield

(Blow Count)

Hammer
Corrected SPT 

N60 (Blow Count)

Final Corrected 
SPT N160 (Blow

Count)

Internal Friction 
Angle

(degree)

Stiff silty clay SC 440.58 4500 23 31 48
CL 432.1 1000 8 11 14
CL 432.1 1000 5 7 8
CL 750 4 5 5

CL-ML 1290
CL-ML 230
CL-ML 407.6 1250 3 4 3

Silty sand with gravel SM 407.6 31 41 34 37
SM 30 40 32 36
SM 68 91 70 45
SM 387.6 35 47 35 37

Medium silty sand SW-SM 387.6 17 23 16 32
SW-SM 16 21 15 31
SP-SM 22 29 20 33
SP-SM 49 65 43 39
SP-SM 360.6 33 44 28 35

Equations: N1=CNNfield;   CN=[0.77log10(40/ v')], and CN<2.0; 1)

N60 = (80/60)Nfield ; [corresponding to 80% hammer efficiency] 1)

N160=CNN60;
    1)

(deg)=27.1+0.3Ncor-0.00054Ncor
2 2)

References: 1) AASHTO LRFD Bridge Design Specifications, Interim 2006, Section 10.4.6.2.4
2) Wolff, T. F. (1989). "Pile Capacity Prediction Using Parameter Functions," in Predicted and Observed Axial Behavior of Piles, Results of 
a Pile Prediction Symposium, sponsored by the Geotechnical Engineering Division, ASCE, Evanston, IL, June, 1989, ASCE Geotechnical

 Special Publication No. 23, pp. 96-106.
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Corrected  SPT N-Values
and Soi Parameters

4B-250

Boring 4B-250
Kennedy Interchange Reconstruction - Phase 4
Ramp 42 (3rd ST to I-65 SB)
GWL (extreme) = 0 ft bgs (flood stage)
GWL (normal) = 23.07 ft bgs (Elevation 421 ft) estimated based on Ohio River Pool elevation

Soil Description Classification
(USCS)

Top Elevation
(ft)

Bottom Elevation 
(ft)

Undrained Shear 
Strength

(psf)

Raw Field
SPT Nfield

(Blow Count)

Hammer
Corrected SPT 

N60 (Blow Count)

Final Corrected 
SPT N160 (Blow

Count)

Internal Fric
Angle

(degree

Silty sand with clay SC-SM 444.1 6 8 12 31
SC-SM 8 11 14 31

SM 433.6 6 8 9 30
Silty clay CL 433.6 810

CL 650
CL 1840

CL-ML 520
CL 408.1 250 34 45 37

Silty sand with gravel SP-SM 408.1 34 45 35 37
SP-SM 34 45 34 37
SP-SM 391.1 29 39 28 35

Medium sand SP 391.1 10 13 9 30
SP 36 48 33 36
SP 376.1 26 35 23 34

Silty sand with sandy SW-SM 376.1 37 49 32 36
gravel lenses SP-SM see sheet 2 of 2 24 32 20 33

Equations: N1=CNNfield;   CN=[0.77log10(40/ v')], and CN<2.0; 1)

N60 = (80/60)Nfield ; [corresponding to 80% hammer efficiency] 1)

N160=CNN60;
    1)

(deg)=27.1+0.3Ncor-0.00054Ncor
2 2)

References: 1) AASHTO LRFD Bridge Design Specifications, Interim 2006, Section 10.4.6.2.4
2) Wolff, T. F. (1989). "Pile Capacity Prediction Using Parameter Functions," in Predicted and Observed Axial Behavior of Piles, Results of 
a Pile Prediction Symposium , sponsored by the Geotechnical Engineering Division, ASCE, Evanston, IL, June, 1989, ASCE Geotechnical

 Special Publication No. 23, pp. 96-106.
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Corrected SPT N-Values
and Soil Parameters

4B-250

Boring 4B-250
Kennedy Interchange Reconstruction - Phase 4
Ramp 42 (3rd ST to I-65 SB)
GWL (extreme) = 0 ft bgs (flood stage)
GWL (normal) = 20.07 ft bgs (Elevation 421 ft) estimated based on Ohio River Pool elevation

Soil Description Classification
(USCS)

Top Elevation
(ft)

Bottom Elevation 
(ft)

Undrained Shear 
Strength

(psf)

Raw Field
SPT Nfield

(Blow Count)

Hammer
Corrected SPT 

N60 (Blow Count)

Final Corrected 
SPT N160 (Blow

Count)

Internal Fric
Angle

(degree

Silty sand with sandy SP-SM 32 43 26 35
gravel lenses SW-SM 29 39 23 34

GP-GM 113 151 88 49
SP-SM 27 36 20 33
SP-SM 14 19 10 30

SM 35 47 25 34
SP-SM 14 19 10 30
SP-SM 327.6 33 44 23 34

Equations: N1=CNNfield;   CN=[0.77log10(40/ v')], and CN<2.0; 1)

N60 = (80/60)Nfield ; [corresponding to 80% hammer efficiency] 1)

N160=CNN60;
    1)

(deg)=27.1+0.3Ncor-0.00054Ncor
2 2)

References: 1) AASHTO LRFD Bridge Design Specifications, Interim 2006, Section 10.4.6.2.4
2) Wolff, T. F. (1989). "Pile Capacity Prediction Using Parameter Functions," in Predicted and Observed Axial Behavior of Piles, Results of 
a Pile Prediction Symposium , sponsored by the Geotechnical Engineering Division, ASCE, Evanston, IL, June, 1989, ASCE Geotechnical

 Special Publication No. 23, pp. 96-106.
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Corrected SPT N-Values
and Soil Parameters

4W-270

Boring 4W-270

GWL (extreme) = 0 ft bgs (flood stage)
GWL (normal) = 24.05

Soil Description Classification
(USCS)

Top Elevation
(ft)

Bottom Elevation 
(ft)

Undrained Shear 
Strength

(psf)

Raw Field
SPT Nfield

(Blow Count)

Hammer
Corrected SPT 

N60 (Blow Count)

Final Corrected 
SPT N160 (Blow

Count)

Internal Friction 
Angle

(degree)

Silty clay CL 445.05 436.1 3500 23 31 41
Silty sand w/ grave SM 436.1 429.1 9 12 14 31

Silty clay CL 429.1 500 7 9 9
CL 125 4 5 5
CL 750 8 11 9

CL-ML 125
CL 405.1 250

Sandy gravel GP 405.1 28 37 29 35
GP 32 43 32 36
GP 389.6 12 16 12 31

Medium sand SW-SM 389.6 25 33 23 34
SP 19 25 17 32
SP 28 37 25 34
SP 30 40 26 34
SP 365.1 24 32 20 33

Equations:

N160=CNN60;
    1)

References:

Kennedy Interchange Reconstructio
Ramp 42 (3rd ST to I-65 SB)

ft bgs (Elevation 421 ft) estimated based on Ohio River Pool elevation

N1=CNNfield;   CN=[0.77log10(40/ v')], and CN<2.0;

a Pile Prediction Symposium , sponsored by the Geotechnical Engineering Division, ASCE, Evanston, IL, June, 1989, ASCE G
 Special Publication No. 23, pp. 96-

N60 = (80/60)Nfield ; [corresponding to 80% hammer efficiency] 1)

(deg)=27.1+0.3Ncor-0.00054Ncor
2

1) AASHTO LRFD Bridge Design Specifications, Interim 2006, Section 1
2) Wolff, T. F. (1989). "Pile Capacity Prediction Using Parameter Functions," in Predicted and Observed Axial Behavior of Pile
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APPENDIX D 
SINGLE STEEL H-PILE CAPACITY 

EVALUATIONS 



SINGLE STEEL H-PILE CAPACITY EVALUATIONS 

Steel H-Pile Capacities      Page No. 
Piers 1-4         12x53       D-1 
                       14x73       D-5 
                       14x89       D-8 

Steel H-Pile Driving Resistance      
Piers 1-4        12x53       D-11 
                       14x73       D-13 
                       14x89       D-15 

Resistance Factors for LRFD – Driven Piles

Axial Capacity 
Skin Friction and End Bearing In Clays – Alpha Method   0.35 
Skin Friction and End Bearing in Sands – Nordlund/Thurman Method 0.45 

Uplift Resistance 
 Clays   Alpha Method    0.25 
 Sands   Nordlund Method   0.35 
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îïòðð íëòîð ðòéð íëòçð ïéòçë ïíòîç êòêì îíòíì ïïòêé çòëî ìòéê

îîòðð íéòìð ðòéð íèòïð ïçòðë ïìòðê éòðí îìòéé ïîòíè ïðòðé ëòðì

îíòðð íçòêð ðòéð ìðòíð îðòïë ïìòèí éòìï îêòîð ïíòïð ïðòêî ëòíï

îìòðð ìïòèð ðòéð ìîòëð îïòîë ïëòêð éòèð îéòêí ïíòèï ïïòïé ëòëç

îëòðð ììòðð ðòéð ììòéð îîòíë ïêòíé èòïè îçòðê ïìòëí ïïòéî ëòèê

îêòðð ìêòíð ðòéð ìéòðð îíòëð ïéòïé èòëç íðòëë ïëòîè ïîòíð êòïë

îéòðð ìèòéð ðòéð ìçòìð îìòéð ïèòðï çòðï íîòïï ïêòðê ïîòçð êòìë

îèòðð ëïòðð ðòéð ëïòéð îëòèë ïèòèî çòìï ííòêï ïêòèð ïíòìé êòéì

îçòðð ëíòìð íòèð ëéòîð îèòêð îðòéì ïðòíé íéòïè ïèòëç ïìòðé éòðì

íðòðð ëëòéð éòðð êîòéð íïòíë îîòêé ïïòíí ìðòéê îðòíè ïìòêë éòíî

íïòðð ëèòïð ïðòíð êèòìð íìòîð îìòêê ïîòíí ììòìê îîòîí ïëòîë éòêî
íîòðð êîòíð ïðòêð éîòçð íêòìë îéòéî ïíòèê ìéòíç îíòêç ïêòéî èòíê

ííòðð êèòìð ïðòèð éçòîð íçòêð íðòëë ïëòîè ëïòìè îëòéì ïèòèë çòìí

íìòðð éìòéð ïïòïð èëòèð ìîòçð ííòëî ïêòéê ëëòéé îéòèç îïòðê ïðòëí

Í¿²¼ íëòðð èïòïð ïïòìð çîòëð ìêòîë íêòëì ïèòîé êðòïí íðòðê îíòíð ïïòêë

íêòðð èéòéð ïïòéð ççòìð ìçòéð íçòêì ïçòèî êìòêï íîòíï îëòêï ïîòèð

íéòðð çìòëð ïïòçð ïðêòìð ëíòîð ìîòéç îïòìð êçòïê íìòëè îéòçç ïíòçç

íèòðð ïðïòëð ïîòîð ïïíòéð ëêòèë ìêòðè îíòðì éíòçï íêòçë íðòìì ïëòîî

íçòðð ïðèòêð ïîòëð ïîïòïð êðòëë ìçòìï îìòéð éèòéî íçòíê íîòçî ïêòìê

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                   

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü§²¿³·½ ß²¿´§· Ó»¬¸±¼

Ü»°¬¸ 

Þ»´±© Ð·´» 

Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ 

Û²¼ 

Þ»¿®·²¹

Î²                
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»
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Ì±¬¿´ Ú¿½¬±®»¼ 
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Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 
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Ý±³°®»·ª» Î»·¬¿²½»  

Ü§²¿³·½ ß²¿´§· Ó»¬¸±¼
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Þ»´±© Ð·´» 
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Í·¼» 
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Þ»¿®·²¹

Î²                
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

ìðòðð ïïëòèð ïîòèð ïîèòêð êìòíð ëîòéè îêòíç èíòëç ìïòèð íëòìì ïéòéî

ìïòðð ïîíòíð ïíòðð ïíêòíð êèòïë ëêòîë îèòïî èèòêð ììòíð íèòðé ïçòðí

ìîòðð ïíðòçð ïíòíð ïììòîð éîòïð ëçòèð îçòçð çíòéí ìêòèé ìðòéí îðòíê

ìíòðð ïíèòêð ïíòêð ïëîòîð éêòïð êíòìð íïòéð çèòçí ìçòìé ìíòìî îïòéï

ììòðð ïìêòëð ïíòçð ïêðòìð èðòîð êéòðç ííòëë ïðìòîê ëîòïí ìêòïç îíòðç

ìëòðð ïëìòêð ïìòïð ïêèòéð èìòíë éðòèí íëòìï ïðçòêê ëìòèí ìçòðî îìòëï

ìêòðð ïêîòçð ïìòìð ïééòíð èèòêë éìòéð íéòíë ïïëòîë ëéòêî ëïòçí îëòçê

ìéòðð ïéïòíð ïìòéð ïèêòðð çíòðð éèòêï íçòíï ïîðòçð êðòìë ëìòèé îéòìí

ìèòðð ïéçòçð ïìòçð ïçìòèð çéòìð èîòëé ìïòîç ïîêòêî êíòíï ëéòèè îèòçì

ìçòðð ïèèòêð ïëòîð îðíòèð ïðïòçð èêòêî ìíòíï ïíîòìé êêòîì êðòçî íðòìê

ëðòðð ïçéòëð ïëòëð îïíòðð ïðêòëð çðòéê ìëòíè ïíèòìë êçòîí êìòðì íîòðî

ëïòðð îðêòêð ïëòèð îîîòìð ïïïòîð çìòçç ìéòëð ïììòëê éîòîè êéòîî ííòêï

ëîòðð îïëòéð ïêòðð îíïòéð ïïëòèë ççòïè ìçòëç ïëðòêï éëòíð éðòìï íëòîð

ëíòðð îîìòèð ïêòíð îìïòïð ïîðòëë ïðíòìï ëïòéð ïëêòéî éèòíê éíòëç íêòèð

ëìòðð îííòçð ïêòêð îëðòëð ïîëòîë ïðéòêì ëíòèî ïêîòèí èïòìï éêòéè íèòíç

ëëòðð îìíòðð ïêòçð îëçòçð ïîçòçë ïïïòèé ëëòçí ïêèòçì èìòìé éçòçê íçòçè

ëêòðð îëîòïð ïéòïð îêçòîð ïíìòêð ïïêòðë ëèòðí ïéìòçè èéòìç èíòïë ìïòëé

ëéòðð îêïòíð ïéòìð îéèòéð ïíçòíë ïîðòíí êðòïê ïèïòïê çðòëè èêòíé ìíòïè

Í¿²¼ ëèòðð îéðòìð ïéòéð îèèòïð ïììòðë ïîìòëê êîòîè ïèéòîé çíòêí èçòëë ììòéè

ëçòðð îéçòëð ïèòðð îçéòëð ïìèòéë ïîèòéç êìòíç ïçíòíè çêòêç çîòéì ìêòíé

êðòðð îèèòêð ïèòîð íðêòèð ïëíòìð ïíîòçé êêòìç ïççòìî ççòéï çëòçî ìéòçê

êïòðð îçéòéð ïèòëð íïêòîð ïëèòïð ïíéòîð êèòêð îðëòëí ïðîòéé ççòïï ìçòëë

êîòðð íðêòèð ïèòèð íîëòêð ïêîòèð ïìïòìí éðòéî îïïòêì ïðëòèî ïðîòîç ëïòïë

êíòðð íïêòðð ïçòïð ííëòïð ïêéòëë ïìëòéï éîòèë îïéòèî ïðèòçï ïðëòëï ëîòéê

êìòðð íîëòïð ïçòíð íììòìð ïéîòîð ïìçòèç éìòçë îîíòèê ïïïòçí ïðèòéð ëìòíë

êëòðð ííìòîð ïçòêð íëíòèð ïéêòçð ïëìòïî ééòðê îîçòçé ïïìòçç ïïïòèè ëëòçì

êêòðð íìíòíð ïçòçð íêíòîð ïèïòêð ïëèòíë éçòïè îíêòðè ïïèòðì ïïëòðé ëéòëí

êéòðð íëîòìð îðòîð íéîòêð ïèêòíð ïêîòëè èïòîç îìîòïç ïîïòïð ïïèòîë ëçòïí

êèòðð íêïòëð îðòìð íèïòçð ïçðòçë ïêêòéé èíòíè îìèòîì ïîìòïî ïîïòìì êðòéî

êçòðð íéðòéð îðòéð íçïòìð ïçëòéð ïéïòðì èëòëî îëìòìï ïîéòîï ïîìòêê êîòíí

éðòðð íéçòèð îïòðð ìððòèð îððòìð ïéëòîé èéòêì îêðòëî ïíðòîê ïîéòèì êíòçî

éïòðð íèèòçð îïòíð ìïðòîð îðëòïð ïéçòëð èçòéë îêêòêí ïííòíî ïíïòðí êëòëï

éîòðð íçèòðð îïòëð ìïçòëð îðçòéë ïèíòêç çïòèì îéîòêè ïíêòíì ïíìòîï êéòïï

éíòðð ìðéòïð îïòèð ìîèòçð îïìòìë ïèéòçî çíòçê îéèòéç ïíçòíç ïíéòìð êèòéð

éìòðð ìïêòîð îîòïð ìíèòíð îïçòïë ïçîòïë çêòðé îèìòçð ïìîòìë ïìðòëè éðòîç

éëòðð ìîëòìð îîòìð ììéòèð îîíòçð ïçêòìî çèòîï îçïòðé ïìëòëì ïìíòèð éïòçð

éêòðð ìíìòëð îîòêð ìëéòïð îîèòëë îððòêï ïððòíð îçéòïî ïìèòëê ïìêòçç éíòìç

ééòðð ììíòêð îîòçð ìêêòëð îííòîë îðìòèì ïðîòìî íðíòîí ïëïòêï ïëðòïé éëòðç

éèòðð ìëîòéð îíòîð ìéëòçð îíéòçë îðçòðé ïðìòëí íðçòíì ïëìòêé ïëíòíê éêòêè
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Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

éçòðð ìêïòèð îíòëð ìèëòíð îìîòêë îïíòíð ïðêòêë íïëòìë ïëéòéî ïëêòëì éèòîé

èðòðð ìéðòçð îíòéð ìçìòêð îìéòíð îïéòìè ïðèòéì íîïòìç ïêðòéë ïëçòéí éçòèê

èïòðð ìèðòïð îìòðð ëðìòïð îëîòðë îîïòéê ïïðòèè íîéòêé ïêíòèí ïêîòçë èïòìé

èîòðð ìèçòîð îìòíð ëïíòëð îëêòéë îîëòçç ïïîòçç íííòéè ïêêòèç ïêêòïí èíòðé

èíòðð ìçèòíð îìòêð ëîîòçð îêïòìë îíðòîî ïïëòïï ííçòèç ïêçòçì ïêçòíî èìòêê

èìòðð ëðéòìð îìòèð ëíîòîð îêêòïð îíìòìð ïïéòîð íìëòçí ïéîòçé ïéîòëð èêòîë

èëòðð ëïêòëð îëòïð ëìïòêð îéðòèð îíèòêí ïïçòíî íëîòðì ïéêòðî ïéëòêç èéòèì

èêòðð ëîëòêð îëòìð ëëïòðð îéëòëð îìîòèê ïîïòìí íëèòïë ïéçòðè ïéèòèé èçòìì

èéòðð ëíìòèð îëòêð ëêðòìð îèðòîð îìéòðç ïîíòëë íêìòîê ïèîòïí ïèîòðç çïòðë

èèòðð ëìíòçð îëòçð ëêçòèð îèìòçð îëïòíî ïîëòêê íéðòíé ïèëòïç ïèëòîè çîòêì

èçòðð ëëíòðð îêòîð ëéçòîð îèçòêð îëëòëë ïîéòéè íéêòìè ïèèòîì ïèèòìê çìòîí

çðòðð ëêîòïð îêòìð ëèèòëð îçìòîë îëçòéì ïîçòèé íèîòëí ïçïòîê ïçïòêë çëòèî

çïòðð ëéïòîð îêòêð ëçéòèð îçèòçð îêíòçî ïíïòçê íèèòëé ïçìòîç ïçìòèí çéòìî

çîòðð ëèðòíð îêòéð êðéòðð íðíòëð îêèòðê ïíìòðí íçìòëë ïçéòîè ïçèòðî ççòðï

çíòðð ëèçòëð îêòèð êïêòíð íðèòïë îéîòîë ïíêòïî ìððòêð îððòíð îðïòîì ïððòêî

çìòðð ëçèòêð îêòèð êîëòìð íïîòéð îéêòíì ïíèòïé ìðêòëï îðíòîê îðìòìî ïðîòîï

çëòðð êðéòéð îêòèð êíìòëð íïéòîë îèðòìì ïìðòîî ìïîòìí îðêòîï îðéòêï ïðíòèð

Í¿²¼ çêòðð êïêòèð îêòèð êìíòêð íîïòèð îèìòëí ïìîòîé ìïèòíì îðçòïé îïðòéç ïðëòìð

çéòðð êîëòçð îêòèð êëîòéð íîêòíë îèèòêí ïììòíï ìîìòîê îïîòïí îïíòçè ïðêòçç

çèòðð êíëòðð îêòèð êêïòèð ííðòçð îçîòéî ïìêòíê ìíðòïé îïëòðç îïéòïê ïðèòëè

ççòðð êììòïð îêòèð êéðòçð ííëòìë îçêòèî ïìèòìï ìíêòðç îïèòðì îîðòíë ïïðòïé

ïððòðð êëíòíð îêòèð êèðòïð íìðòðë íððòçê ïëðòìè ììîòðé îîïòðí îîíòëé ïïïòéè

ïðïòðð êêîòìð îêòèð êèçòîð íììòêð íðëòðë ïëîòëí ììéòçè îîíòçç îîêòéë ïïíòíè

ïðîòðð êéïòëð îêòèð êçèòíð íìçòïë íðçòïë ïëìòëé ìëíòçð îîêòçë îîçòçì ïïìòçé

ïðíòðð êèðòêð îêòèð éðéòìð íëíòéð íïíòîì ïëêòêî ìëçòèï îîçòçï îííòïî ïïêòëê

ïðìòðð êèçòéð îêòèð éïêòëð íëèòîë íïéòíì ïëèòêé ìêëòéí îíîòèê îíêòíï ïïèòïë

ïðëòðð êçèòèð îêòèð éîëòêð íêîòèð íîïòìí ïêðòéî ìéïòêì îíëòèî îíçòìç ïïçòéë

ïðêòðð éðèòðð îêòèð éíìòèð íêéòìð íîëòëé ïêîòéç ìééòêî îíèòèï îìîòéï ïîïòíê

ïðéòðð éïéòïð îêòèð éìíòçð íéïòçë íîçòêé ïêìòèí ìèíòëì îìïòéé îìëòçð ïîîòçë

ïðèòðð éîêòîð îêòèð éëíòðð íéêòëð íííòéê ïêêòèè ìèçòìë îììòéí îìçòðè ïîìòëì

ïðçòðð éíëòíð îêòèð éêîòïð íèïòðë ííéòèê ïêèòçí ìçëòíé îìéòêè îëîòîé ïîêòïí

ïïðòðð éììòìð îêòèð ééïòîð íèëòêð íìïòçë ïéðòçè ëðïòîè îëðòêì îëëòìë ïîéòéí

ïïïòðð éëíòëð îêòèð éèðòíð íçðòïë íìêòðë ïéíòðî ëðéòîð îëíòêð îëèòêì ïîçòíî

ïïîòðð éêîòéð îêòèð éèçòëð íçìòéë íëðòïç ïéëòðç ëïíòïè îëêòëç îêïòèê ïíðòçí

ïïíòðð ééïòèð îêòèð éçèòêð íççòíð íëìòîè ïééòïì ëïçòðç îëçòëë îêëòðì ïíîòëî

ïïìòðð éèðòçð îêòèð èðéòéð ìðíòèë íëèòíè ïéçòïç ëîëòðï îêîòëð îêèòîí ïíìòïï

ïïëòðð éçðòðð îêòèð èïêòèð ìðèòìð íêîòìé ïèïòîì ëíðòçî îêëòìê îéïòìï ïíëòéï
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ÞíÎÜóï Ð·»® ïóì

ïì¨èç ØóÐ·´» øëð µ·÷

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷

ðòðð ðòðð ðòìð ðòìð ðòîð ðòïè ðòðç ðòîê ðòïí ðòðð ðòðð

ïòðð îòêð ïòèð ìòìð îòîð ïòçè ðòçç îòèê ïòìí ðòçï ðòìê

Í¿²¼ îòðð íòêð îòðð ëòêð îòèð îòëî ïòîê íòêì ïòèî ïòîê ðòêí

íòðð ìòéð ïòéð êòìð íòîð îòèè ïòìì ìòïê îòðè ïòêë ðòèî

ìòðð ëòçð ïòíð éòîð íòêð íòîì ïòêî ìòêè îòíì îòðé ïòðí

ëòðð éòíð ðòèð èòïð ìòðë íòêë ïòèî ëòîé îòêí îòëê ïòîè

êòðð èòéð ðòèð çòëð ìòéë ìòðê îòðí êòïè íòðç îòçï ïòìë

éòðð ïðòïð ðòèð ïðòçð ëòìë ìòëë îòîé éòðç íòëì íòîê ïòêí

èòðð ïïòêð ðòèð ïîòìð êòîð ëòðé îòëì èòðê ìòðí íòêí ïòèî

çòðð ïíòîð ðòèð ïìòðð éòðð ëòêí îòèî çòïð ìòëë ìòðí îòðî

ïðòðð ïìòèð ðòèð ïëòêð éòèð êòïç íòïð ïðòïì ëòðé ìòìí îòîî

ïïòðð ïêòìð ðòèð ïéòîð èòêð êòéë íòíè ïïòïè ëòëç ìòèí îòìî

ïîòðð ïèòïð ðòèð ïèòçð çòìë éòíë íòêé ïîòîç êòïì ëòîê îòêí

ïíòðð ïçòçð ðòèð îðòéð ïðòíë éòçè íòçç ïíòìê êòéí ëòéï îòèë

ïìòðð îïòéð ðòèð îîòëð ïïòîë èòêï ìòíð ïìòêí éòíï êòïê íòðè

ïëòðð îíòêð ðòèð îìòìð ïîòîð çòîé ìòêì ïëòèê éòçí êòêí íòíî

ïêòðð îëòëð ðòèð îêòíð ïíòïë çòçì ìòçé ïéòïð èòëë éòïï íòëë

ïéòðð îéòìð ðòèð îèòîð ïìòïð ïðòêð ëòíð ïèòíí çòïé éòëè íòéç

Ý´¿§ ïèòðð îçòìð ðòèð íðòîð ïëòïð ïïòíð ëòêë ïçòêí çòèî èòðè ìòðì

ïçòðð íïòìð ðòèð íîòîð ïêòïð ïîòðð êòðð îðòçí ïðòìé èòëè ìòîç

îðòðð ííòëð ðòèð íìòíð ïéòïë ïîòéì êòíé îîòíð ïïòïë çòïï ìòëë

îïòðð íëòéð ðòèð íêòëð ïèòîë ïíòëï êòéë îíòéí ïïòèê çòêê ìòèí

îîòðð íéòèð ðòèð íèòêð ïçòíð ïìòîì éòïî îëòðç ïîòëë ïðòïè ëòðç

îíòðð ìðòðð ðòèð ìðòèð îðòìð ïëòðï éòëï îêòëî ïíòîê ïðòéí ëòíé

îìòðð ìîòíð ðòèð ìíòïð îïòëë ïëòèî éòçï îèòðî ïìòðï ïïòíï ëòêë

îëòðð ììòêð ðòèð ìëòìð îîòéð ïêòêî èòíï îçòëï ïìòéê ïïòèè ëòçì

îêòðð ìêòçð ðòèð ìéòéð îíòèë ïéòìí èòéï íïòðï ïëòëð ïîòìê êòîí

îéòðð ìçòîð ðòèð ëðòðð îëòðð ïèòîí çòïî íîòëð ïêòîë ïíòðí êòëî

îèòðð ëïòêð ðòçð ëîòëð îêòîë ïçòïï çòëë íìòïí ïéòðê ïíòêí êòèî

îçòðð ëìòðð ìòéð ëèòéð îçòíë îïòîè ïðòêì íèòïê ïçòðè ïìòîí éòïî

íðòðð ëêòìð èòêð êëòðð íîòëð îíòìè ïïòéì ìîòîë îïòïí ïìòèí éòìî

íïòðð ëèòèð ïîòêð éïòìð íëòéð îëòéî ïîòèê ìêòìï îíòîï ïëòìí éòéî

íîòðð êíòðð ïîòçð éëòçð íéòçë îçòðï ïìòëð ìçòíì îìòêé ïêòçð èòìë

ííòðð êçòîð ïíòîð èîòìð ìïòîð íïòçí ïëòçé ëíòëê îêòéè ïçòðé çòëì

íìòðð éëòêð ïíòêð èçòîð ììòêð íìòçç ïéòëð ëéòçè îèòçç îïòíï ïðòêê

Í¿²¼ íëòðð èîòïð ïíòçð çêòðð ìèòðð íèòðë ïçòðí êîòìð íïòîð îíòëç ïïòéç

íêòðð èèòèð ïìòîð ïðíòðð ëïòëð ìïòîð îðòêð êêòçë ííòìè îëòçí ïîòçé

íéòðð çëòêð ïìòêð ïïðòîð ëëòïð ììòìì îîòîî éïòêí íëòèî îèòíï ïìòïê
íèòðð ïðîòéð ïìòçð ïïéòêð ëèòèð ìéòéé îíòèç éêòìì íèòîî íðòèð ïëòìð

íçòðð ïðçòèð ïëòîð ïîëòðð êîòëð ëïòïð îëòëë èïòîë ìðòêí ííòîè ïêòêì

   Î²                   
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

Î²                
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

 Î²                    
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü§²¿³·½ ß²¿´§· Ó»¬¸±¼

Ü»°¬¸ 

Þ»´±© Ð·´» 

Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ 

Û²¼ 

Þ»¿®·²¹

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                    

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

Üóè



Í¬»»´ ØóÐ·´» Ý¿°¿½·¬·»

ÞíÎÜóï Ð·»® ïóì

ïì¨èç ØóÐ·´» øëð µ·÷

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷
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Î»·¬¿²½»              

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

Î²                
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

 Î²                    
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü§²¿³·½ ß²¿´§· Ó»¬¸±¼

Ü»°¬¸ 

Þ»´±© Ð·´» 

Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ 

Û²¼ 

Þ»¿®·²¹

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                    

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

ìðòðð ïïéòîð ïëòêð ïíîòèð êêòìð ëìòêï îéòíï èêòíî ìíòïê íëòèé ïéòçì

ìïòðð ïîìòéð ïëòçð ïìðòêð éðòíð ëèòïî îçòðê çïòíç ìëòéð íèòëð ïçòîë

ìîòðð ïíîòìð ïêòîð ïìèòêð éìòíð êïòéî íðòèê çêòëç ìèòíð ìïòïç îðòêð

ìíòðð ïìðòîð ïêòêð ïëêòèð éèòìð êëòìï íîòéï ïðïòçî ëðòçê ìíòçî îïòçê

ììòðð ïìèòíð ïêòçð ïêëòîð èîòêð êçòïç íìòêð ïðéòíè ëíòêç ìêòéê îíòíè

ìëòðð ïëêòìð ïéòîð ïéíòêð èêòèð éîòçé íêòìç ïïîòèì ëêòìî ìçòëç îìòèð

ìêòðð ïêìòèð ïéòêð ïèîòìð çïòîð éêòçí íèòìé ïïèòëê ëçòîè ëîòëí îêòîé

ìéòðð ïéíòíð ïéòçð ïçïòîð çëòêð èðòèç ìðòìë ïîìòîè êîòïì ëëòëï îéòéë

ìèòðð ïèîòðð ïèòîð îððòîð ïððòïð èìòçì ìîòìé ïíðòïí êëòðé ëèòëë îçòîè

ìçòðð ïçðòèð ïèòêð îðçòìð ïðìòéð èçòðè ììòëì ïíêòïï êèòðê êïòêí íðòèî

ëðòðð ïççòèð ïèòçð îïèòéð ïðçòíë çíòîé ìêòêí ïìîòïê éïòðè êìòéè íîòíç

ëïòðð îðçòðð ïçòîð îîèòîð ïïìòïð çéòëì ìèòéé ïìèòíí éìòïé êèòðð íìòðð

ëîòðð îïèòîð ïçòêð îíéòèð ïïèòçð ïðïòèê ëðòçí ïëìòëé ééòîç éïòîî íëòêï

ëíòðð îîéòìð ïçòçð îìéòíð ïîíòêë ïðêòïì ëíòðé ïêðòéë èðòíé éìòìì íéòîî

ëìòðð îíêòéð îðòîð îëêòçð ïîèòìë ïïðòìê ëëòîí ïêêòçç èíòìç ééòéð íèòèë

ëëòðð îìëòçð îðòêð îêêòëð ïííòîë ïïìòéè ëéòíç ïéíòîí èêòêï èðòçî ìðòìê

ëêòðð îëëòïð îðòçð îéêòðð ïíèòðð ïïçòðë ëçòëí ïéçòìð èçòéð èìòïì ìîòðé

ëéòðð îêìòíð îïòîð îèëòëð ïìîòéë ïîíòíí êïòêê ïèëòëè çîòéç èéòíê ìíòêè

Í¿²¼ ëèòðð îéíòëð îïòêð îçëòïð ïìéòëë ïîéòêë êíòèî ïçïòèî çëòçï çðòëè ìëòîç

ëçòðð îèîòèð îïòçð íðìòéð ïëîòíë ïíïòçé êëòçè ïçèòðê ççòðí çíòèí ìêòçî

êðòðð îçîòðð îîòíð íïìòíð ïëéòïë ïíêòîç êèòïì îðìòíð ïðîòïë çéòðë ìèòëí

êïòðð íðïòîð îîòêð íîíòèð ïêïòçð ïìðòëê éðòîè îïðòìé ïðëòîì ïððòîé ëðòïì

êîòðð íïðòìð îîòçð íííòíð ïêêòêë ïììòèì éîòìî îïêòêë ïðèòíî ïðíòìç ëïòéë

êíòðð íïçòéð îíòíð íìíòðð ïéïòëð ïìçòîð éìòêð îîîòçë ïïïòìè ïðêòéë ëíòíé

êìòðð íîèòçð îíòêð íëîòëð ïéêòîë ïëíòìè éêòéì îîçòïí ïïìòëê ïðçòçé ëìòçè

êëòðð ííèòïð îíòçð íêîòðð ïèïòðð ïëéòéë éèòèè îíëòíð ïïéòêë ïïíòïç ëêòëç

êêòðð íìéòíð îìòíð íéïòêð ïèëòèð ïêîòðé èïòðì îìïòëì ïîðòéé ïïêòìï ëèòîð

êéòðð íëêòëð îìòêð íèïòïð ïçðòëë ïêêòíë èíòïé îìéòéî ïîíòèê ïïçòêí ëçòèï

êèòðð íêëòèð îìòçð íçðòéð ïçëòíë ïéðòêé èëòíí îëíòçê ïîêòçè ïîîòèè êïòìì

êçòðð íéëòðð îëòíð ìððòíð îððòïë ïéìòçç èéòìç îêðòîð ïíðòïð ïîêòïð êíòðë

éðòðð íèìòîð îëòêð ìðçòèð îðìòçð ïéçòîê èçòêí îêêòíé ïííòïç ïîçòíî êìòêê

éïòðð íçíòìð îëòçð ìïçòíð îðçòêë ïèíòëì çïòéé îéîòëë ïíêòîé ïíîòëì êêòîé

éîòðð ìðîòéð îêòíð ìîçòðð îïìòëð ïèéòçð çíòçë îéèòèë ïíçòìí ïíëòèð êéòçð

éíòðð ìïïòçð îêòêð ìíèòëð îïçòîë ïçîòïè çêòðç îèëòðí ïìîòëï ïíçòðî êçòëï

éìòðð ìîïòïð îêòçð ììèòðð îîìòðð ïçêòìë çèòîí îçïòîð ïìëòêð ïìîòîì éïòïî

éëòðð ìíðòíð îéòíð ìëéòêð îîèòèð îððòéé ïððòíç îçéòìì ïìèòéî ïìëòìê éîòéí

éêòðð ìíçòêð îéòêð ìêéòîð îííòêð îðëòðç ïðîòëë íðíòêè ïëïòèì ïìèòéï éìòíê

ééòðð ììèòèð îéòçð ìéêòéð îíèòíë îðçòíé ïðìòêè íðçòèê ïëìòçí ïëïòçí éëòçé

éèòðð ìëèòðð îèòíð ìèêòíð îìíòïë îïíòêç ïðêòèì íïêòïð ïëèòðë ïëëòïë ééòëè

Üóç
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Î²                
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Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»
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Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 
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Í¬¿¬·½ ß²¿´§· Ó»¬¸±¼

 Î²                    
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü§²¿³·½ ß²¿´§· Ó»¬¸±¼

Ü»°¬¸ 

Þ»´±© Ð·´» 

Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ 

Û²¼ 

Þ»¿®·²¹

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                    

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

éçòðð ìêéòîð îèòêð ìçëòèð îìéòçð îïéòçê ïðèòçè íîîòîé ïêïòïì ïëèòíé éçòïç

èðòðð ìéêòìð îèòçð ëðëòíð îëîòêë îîîòîì ïïïòïî íîèòìë ïêìòîî ïêïòëç èðòèð

èïòðð ìèëòéð îçòíð ëïëòðð îëéòëð îîêòêð ïïíòíð ííìòéë ïêéòíè ïêìòèë èîòìî

èîòðð ìçìòçð îçòêð ëîìòëð îêîòîë îíðòèè ïïëòìì íìðòçí ïéðòìê ïêèòðé èìòðí

èíòðð ëðìòïð îçòçð ëíìòðð îêéòðð îíëòïë ïïéòëè íìéòïð ïéíòëë ïéïòîç èëòêì

èìòðð ëïíòíð íðòíð ëìíòêð îéïòèð îíçòìé ïïçòéì íëíòíì ïéêòêé ïéìòëï èéòîë

èëòðð ëîîòêð íðòêð ëëíòîð îéêòêð îìíòéç ïîïòçð íëçòëè ïéçòéç ïééòéê èèòèè

èêòðð ëíïòèð íïòðð ëêîòèð îèïòìð îìèòïï ïîìòðê íêëòèî ïèîòçï ïèðòçè çðòìç

èéòðð ëìïòðð íïòíð ëéîòíð îèêòïë îëîòíç ïîêòïç íéîòðð ïèêòðð ïèìòîð çîòïð

èèòðð ëëðòîð íïòêð ëèïòèð îçðòçð îëêòêê ïîèòíí íéèòïé ïèçòðç ïèéòìî çíòéï

èçòðð ëëçòëð íîòðð ëçïòëð îçëòéë îêïòðí ïíðòëï íèìòìè ïçîòîì ïçðòêè çëòíì

çðòðð ëêèòéð íîòíð êðïòðð íððòëð îêëòíð ïíîòêë íçðòêë ïçëòíí ïçíòçð çêòçë

çïòðð ëééòçð íîòëð êïðòìð íðëòîð îêçòëí ïíìòéé íçêòéê ïçèòíè ïçéòïî çèòëê

çîòðð ëèéòïð íîòêð êïçòéð íðçòèë îéíòéî ïíêòèê ìðîòèï îðïòìð îððòíì ïððòïé

çíòðð ëçêòíð íîòêð êîèòçð íïìòìë îééòèê ïíèòçí ìðèòéç îðìòíç îðíòëê ïðïòéè

çìòðð êðëòêð íîòêð êíèòîð íïçòïð îèîòðì ïìïòðî ìïìòèí îðéòìî îðêòèï ïðíòìï

çëòðð êïìòèð íîòêð êìéòìð íîíòéð îèêòïè ïìíòðç ìîðòèï îïðòìï îïðòðí ïðëòðî

Í¿²¼ çêòðð êîìòðð íîòêð êëêòêð íîèòíð îçðòíî ïìëòïê ìîêòéç îïíòìð îïíòîë ïðêòêí

çéòðð êííòîð íîòêð êêëòèð ííîòçð îçìòìê ïìéòîí ìíîòéé îïêòíç îïêòìé ïðèòîì

çèòðð êìîòëð íîòêð êéëòïð ííéòëë îçèòêë ïìçòíî ìíèòèî îïçòìï îïçòéí ïðçòèê
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SINGLE DRILLED SHAFT EVALUATIONS



SINGLE DRILLED SHAFT EVALUATIONS 

Resistance Factors for LRFD – Drilled Shafts

Axial Capacity 
 Side Resistance in Clays Alpha Method   0.45 
 End Bearing in Clays  Total Stress   0.40 
 Side Resistance in Sands Beta Method   0.55 
 End Bearing in Sands  SPT Method   0.50 

Uplift Resistance 
 Clays    Alpha Method   0.35 
 Sands    Beta Method   0.45 
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ìðòðð ïíçòèè ïëðòèì îçðòéî ïìëòíê ïìëòêï éîòèï ëêòîï îèòïð

ìïòðð ïìèòïî ïëðòèì îçèòçê ïìçòìè ïëðòïë éëòðé ëçòçï îçòçê

ìîòðð ïëêòëì ïëðòèì íðéòíè ïëíòêç ïëìòéè ééòíç êíòéð íïòèë

ìíòðð ïêëòïì ïëðòèì íïëòçè ïëéòçç ïëçòëï éçòéë êéòëé ííòéç

ììòðð ïéíòçð ïëðòèì íîìòéì ïêîòíé ïêìòíí èîòïê éïòëî íëòéê

ìëòðð ïèîòèê ïëðòèì íííòéð ïêêòèë ïêçòîë èìòêí éëòëë íéòéé

ìêòðð ïçîòðð ïëðòèì íìîòèì ïéïòìî ïéìòîè èéòïì éçòêê íçòèí

ìéòðð îðïòíî ïëðòèì íëîòïê ïéêòðè ïéçòìï èçòéð èíòèë ìïòçí

ìèòðð îïðòèð ïëðòèì íêïòêì ïèðòèî ïèìòêî çîòíï èèòïî ììòðê

ìçòðð îîðòìè ïëðòèì íéïòíî ïèëòêê ïèçòçì çìòçé çîòìè ìêòîì

ëðòðð îíðòíì ïëðòèì íèïòïè ïçðòëç ïçëòíé çéòêè çêòçï ìèòìê

ëïòðð îìðòíê ïëðòèì íçïòîð ïçëòêð îððòèè ïððòìì ïðïòìî ëðòéï

ëîòðð îëðòëè ïëðòèì ìðïòìî îððòéï îðêòëð ïðíòîë ïðêòðî ëíòðï

ëíòðð îêðòçê ïëðòèì ìïïòèð îðëòçð îïîòîï ïðêòïð ïïðòêç ëëòíë

ëìòðð îéïòëì ïëðòèì ìîîòíè îïïòïç îïèòðí ïðçòðï ïïëòìë ëéòéí

ëëòðð îèîòîè ïëðòèì ìííòïî îïêòëê îîíòçí ïïïòçé ïîðòîç êðòïì

ëêòðð îçíòîð ïëðòèì ìììòðì îîîòðî îîçòçì ïïìòçé ïîëòîð êîòêð
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èëòðð êèèòðð ïëðòèì èíèòèì ìïçòìî ììéòðè îîíòëì íðîòèê ïëïòìí

èêòðð éðìòíð ïëðòèì èëëòïì ìîéòëé ìëêòðë îîèòðî íïðòîð ïëëòïð

èéòðð éîðòéè ïëðòèì èéïòêî ìíëòèï ìêëòïï îíîòëë íïéòêï ïëèòèï

èèòðð éíéòìì ïëðòèì èèèòîè ìììòïì ìéìòîé îíéòïì íîëòïï ïêîòëë

èçòðð éëìòîè ïëðòèì çðëòïî ìëîòëê ìèíòëí îìïòéé ííîòêç ïêêòíì

çðòðð ééïòíð ïëðòèì çîîòïì ìêïòðé ìçîòçð îìêòìë íìðòíë ïéðòïé

çïòðð éèèòëð ïëðòèì çíçòíì ìêçòêé ëðîòíê îëïòïè íìèòðç ïéìòðì

çîòðð èðëòèê ïëðòèì çëêòéð ìéèòíë ëïïòçð îëëòçë íëëòçð ïééòçë
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ïðéòðð ïðèéòçè ïëðòèì ïîíèòèî êïçòìï êêéòðé íííòëí ìèîòèë îìïòìí

ïðèòðð ïïðèòîì ïëðòèì ïîëçòðè êîçòëì êéèòîï ííçòïï ìçïòçé îìëòçè

ïðçòðð ïïîèòêê ïëðòèì ïîéçòëð êíçòéë êèçòìì íììòéî ëðïòïê îëðòëè

ïïðòðð ïïìçòîì ïëðòèì ïíððòðè êëðòðì éððòéê íëðòíè ëïðòìî îëëòîï

ïïïòðð ïïéðòðî ïëðòèì ïíîðòèê êêðòìí éïîòïç íëêòïð ëïçòéé îëçòèè

ïïîòðð ïïçðòçè ïëðòèì ïíìïòèî êéðòçï éîíòéî íêïòèê ëîçòîð îêìòêð
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èòðð ïêòëî ííòêè ëðòîð îëòïð îïòêë ïðòèí êòëí íòîê

çòðð ïçòëì ííòêè ëíòîî îêòêï îíòðï ïïòëð éòëè íòéç
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Þ»¿®·²¹

Î²                      
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

Ûóé



Í¸¿º¬ ß¨·¿´ Î»·¬¿²½»

ÞíÎÜóï Ð·»® ïóì

ìîó×²½¸ Ü·¿³»¬»® Í¸¿º¬

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                                          

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü»°¬¸ Þ»´±© 

Ð·´» Ý¿°

Ò±³·²¿´ Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ Û²¼ 

Þ»¿®·²¹

Î²                      
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

ìðòðð ïêíòïè îðëòíð íêèòìè ïèìòîì ïèìòëì çîòîé êëòëé íîòéè

ìïòðð ïéîòèð îðëòíð íéèòïð ïèçòðë ïèçòèí çìòçï êçòçð íìòçë

ìîòðð ïèîòêî îðëòíð íèéòçî ïçíòçê ïçëòîí çéòêï éìòíî íéòïê

ìíòðð ïçîòêê îðëòíð íçéòçê ïçèòçè îððòéë ïððòíé éèòèí íçòìî

ììòðð îðîòçð îðëòíð ìðèòîð îðìòïð îðêòíè ïðíòïç èíòìì ìïòéî

ìëòðð îïíòíì îðëòíð ìïèòêì îðçòíî îïîòïî ïðêòðê èèòïì ììòðé

ìêòðð îîìòðð îðëòíð ìîçòíð îïìòêë îïéòçç ïðèòçç çîòçì ìêòìé

ìéòðð îíìòèê îðëòíð ììðòïê îîðòðè îîíòçê ïïïòçè çéòèî ìèòçï

ìèòðð îìëòçì îðëòíð ìëïòîì îîëòêî îíðòðë ïïëòðí ïðîòèï ëïòìð

ìçòðð îëéòîî îðëòíð ìêîòëî îíïòîê îíêòîê ïïèòïí ïðéòèç ëíòçì

ëðòðð îêèòéî îðëòíð ìéìòðî îíéòðï îìîòëè ïîïòîç ïïíòðê ëêòëí

ëïòðð îèðòìî îðëòíð ìèëòéî îìîòèê îìçòðî ïîìòëï ïïèòíí ëçòïê

ëîòðð îçîòíì îðëòíð ìçéòêì îìèòèî îëëòëé ïîéòéç ïîíòêç êïòèì

ëíòðð íðìòìê îðëòíð ëðçòéê îëìòèè îêîòîì ïíïòïî ïîçòïì êìòëé

ëìòðð íïêòéè îðëòíð ëîîòðè îêïòðì îêçòðî ïíìòëï ïíìòêç êéòíì

ëëòðð íîçòíî îðëòíð ëíìòêî îêéòíï îéëòçï ïíéòçê ïìðòíí éðòïé

ëêòðð íìîòðè îðëòíð ëìéòíè îéíòêç îèîòçí ïìïòìé ïìêòðé éíòðì

ëéòðð íëëòðì îðëòíð ëêðòíì îèðòïé îçðòðê ïìëòðí ïëïòçð éëòçë

Í¿²¼ ëèòðð íêèòîð îðëòíð ëéíòëð îèêòéë îçéòíð ïìèòêë ïëéòèí éèòçï

ëçòðð íèïòëè îðëòíð ëèêòèè îçíòìì íðìòêê ïëîòíí ïêíòèë èïòçî

êðòðð íçëòïê îðëòíð êððòìê íððòîí íïîòïî ïëêòðê ïêçòçê èìòçè

êïòðð ìðèòçì îðëòíð êïìòîì íðéòïî íïçòéð ïëçòèë ïéêòïê èèòðè

êîòðð ìîîòçê îðëòíð êîèòîê íïìòïí íîéòìï ïêíòéï ïèîòìé çïòîí

êíòðð ìíéòïê îðëòíð êìîòìê íîïòîí ííëòîî ïêéòêï ïèèòèê çìòìí

êìòðð ìëïòëè îðëòíð êëêòèè íîèòìì íìíòïê ïéïòëè ïçëòíë çéòêé

êëòðð ìêêòîð îðëòíð êéïòëð ííëòéë íëïòîð ïéëòêð îðïòçí ïððòçê

êêòðð ìèïòðì îðëòíð êèêòíì íìíòïé íëçòíê ïéçòêè îðèòêð ïðìòíð

êéòðð ìçêòïð îðëòíð éðïòìð íëðòéð íêéòêì ïèíòèî îïëòíè ïðéòêç

êèòðð ëïïòíì îðëòíð éïêòêì íëèòíî íéêòðî ïèèòðï îîîòîì ïïïòïî

êçòðð ëîêòèî îðëòíð éíîòïî íêêòðê íèìòëì ïçîòîé îîçòîï ïïìòêð

éðòðð ëìîòìè îðëòíð éìéòéè íéíòèç íçíòïë ïçêòëè îíêòîë ïïèòïí

éïòðð ëëèòíê îðëòíð éêíòêê íèïòèí ìðïòèè îððòçì îìíòìð ïîïòéð

éîòðð ëéìòìê îðëòíð ééçòéê íèçòèè ìïðòéì îðëòíé îëðòêì ïîëòíî

éíòðð ëçðòéê îðëòíð éçêòðê íçèòðí ìïçòéð îðçòèë îëéòçè ïîèòçç

éìòðð êðéòîè îðëòíð èïîòëè ìðêòîç ìîèòéç îïìòìð îêëòìï ïíîòéï

éëòðð êîíòçè îðëòíð èîçòîè ìïìòêì ìíéòçè îïèòçç îéîòçí ïíêòìê

éêòðð êìðòçî îðëòíð èìêòîî ìîíòïï ììéòîç îîíòêë îèðòëë ïìðòîè

ééòðð êëèòðê îðëòíð èêíòíê ìíïòêè ìëêòéî îîèòíê îèèòîê ïììòïí

éèòðð êéëòìð îðëòíð èèðòéð ììðòíë ìêêòîê îííòïí îçêòðé ïìèòðí

Ûóè



Í¸¿º¬ ß¨·¿´ Î»·¬¿²½»

ÞíÎÜóï Ð·»® ïóì

ìîó×²½¸ Ü·¿³»¬»® Í¸¿º¬

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                                          

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ü»°¬¸ Þ»´±© 

Ð·´» Ý¿°

Ò±³·²¿´ Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ Û²¼ 

Þ»¿®·²¹

Î²                      
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

éçòðð êçîòçê îðëòíð èçèòîê ììçòïí ìéëòçï îíéòçê íðíòçé ïëïòçè

èðòðð éïðòéî îðëòíð çïêòðî ìëèòðï ìèëòêè îìîòèì íïïòçê ïëëòçè

èïòðð éîèòêè îðëòíð çííòçè ìêêòçç ìçëòëê îìéòéè íîðòðì ïêðòðî

èîòðð éìêòèê îðëòíð çëîòïê ìéêòðè ëðëòëê îëîòéè íîèòîî ïêìòïï

èíòðð éêëòîê îðëòíð çéðòëê ìèëòîè ëïëòêè îëéòèì ííêòëð ïêèòîë

èìòðð éèíòèê îðëòíð çèçòïê ìçìòëè ëîëòçï îêîòçë íììòèé ïéîòìì

èëòðð èðîòêê îðëòíð ïððéòçê ëðíòçè ëíêòîë îêèòïî íëíòíí ïéêòêé

èêòðð èîïòêè îðëòíð ïðîêòçè ëïíòìç ëìêòéï îéíòíê íêïòèç ïèðòçë

èéòðð èìðòçî îðëòíð ïðìêòîî ëîíòïï ëëéòîç îéèòêë íéðòëë ïèëòîè

èèòðð èêðòíì îðëòíð ïðêëòêì ëíîòèî ëêéòçé îèíòçç íéçòîç ïèçòêì

èçòðð èèðòðð îðëòíð ïðèëòíð ëìîòêë ëéèòéç îèçòíç íèèòïì ïçìòðé

çðòðð èççòèì îðëòíð ïïðëòïì ëëîòëé ëèçòéð îçìòèë íçéòðê ïçèòëí

çïòðð çïçòçð îðëòíð ïïîëòîð ëêîòêð êððòéí íððòíé ìðêòðç îðíòðë

çîòðð çìðòïè îðëòíð ïïìëòìè ëéîòéì êïïòèç íðëòçì ìïëòîî îðéòêï

çíòðð çêðòêê îðëòíð ïïêëòçê ëèîòçè êîíòïë íïïòëé ìîìòìí îïîòîî

çìòðð çèïòíì îðëòíð ïïèêòêì ëçíòíî êíìòëî íïéòîê ìííòéì îïêòèé

çëòðð ïððîòîì îðëòíð ïîðéòëì êðíòéé êìêòðî íîíòðï ììíòïì îîïòëé

Í¿²¼ çêòðð ïðîíòíê îðëòíð ïîîèòêê êïìòíí êëéòêí íîèòèî ìëîòêë îîêòíî

çéòðð ïðììòêê îðëòíð ïîìçòçê êîìòçè êêçòíë ííìòêé ìêîòîí îíïòïî

çèòðð ïðêêòîð îðëòíð ïîéïòëð êíëòéë êèïòîð íìðòêð ìéïòçí îíëòçê

ççòðð ïðèéòçî îðëòíð ïîçíòîî êìêòêï êçíòïì íìêòëé ìèïòéð îìðòèë

ïððòðð ïïðçòèê îðëòíð ïíïëòïê êëéòëè éðëòîï íëîòêð ìçïòëé îìëòéç

ïðïòðð ïïíîòðî îðëòíð ïííéòíî êêèòêê éïéòìð íëèòéð ëðïòëë îëðòéé

ïðîòðð ïïëìòíè îðëòíð ïíëçòêè êéçòèì éîçòéð íêìòèë ëïïòêï îëëòèð

ïðíòðð ïïéêòçê îðëòíð ïíèîòîê êçïòïí éìîòïï íéïòðê ëîïòéé îêðòèè

ïðìòðð ïïççòéî îðëòíð ïìðëòðî éðîòëï éëìòêí íééòíî ëíîòðï îêêòðï

ïðëòðð ïîîîòéî îðëòíð ïìîèòðî éïìòðï éêéòîè íèíòêì ëìîòíê îéïòïè

ïðêòðð ïîìëòçî îðëòíð ïìëïòîî éîëòêï éèðòðì íçðòðî ëëîòèð îéêòìð

ïðéòðð ïîêçòíî îðëòíð ïìéìòêî éíéòíï éçîòçï íçêòìê ëêíòíí îèïòêé

ïðèòðð ïîçîòçì îðëòíð ïìçèòîì éìçòïî èðëòçð ìðîòçë ëéíòçê îèêòçè

ïðçòðð ïíïêòéê îðëòíð ïëîîòðê éêïòðí èïçòðð ìðçòëð ëèìòêè îçîòíì

ïïðòðð ïíìðòèð îðëòíð ïëìêòïð ééíòðë èíîòîí ìïêòïï ëçëòëð îçéòéë

ïïïòðð ïíêëòðì îðëòíð ïëéðòíì éèëòïé èìëòëê ìîîòéè êðêòìð íðíòîð

ïïîòðð ïíèçòìè îðëòíð ïëçìòéè éçéòíç èëçòðð ìîçòëð êïéòìð íðèòéð

Ûóç



Í¸¿º¬  ß¨·¿´ Î»·¬¿²½»

ÞíÎÜóï ó Ð·»® ïóì

ìèó×²½¸ Ü·¿³»¬»® Í¸¿º¬

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷

ðòðð ðòðð ðòìð ðòìð ðòîð ðòîð ðòïð ðòðð ðòðð

ïòðð ïòîè íëòìè íêòéê ïèòíè ïèòìì çòîî ðòëè ðòîç

Í¿²¼ îòðð îòéê íçòèî ìîòëè îïòîç îïòìí ïðòéï ïòîì ðòêî

íòðð ìòìê ìîòêî ìéòðè îíòëì îíòéê ïïòèè îòðï ïòðð

ìòðð êòíè ìíòçè ëðòíê îëòïè îëòëð ïîòéë îòèé ïòìì

ëòðð èòëî ìíòçè ëîòëð îêòîë îêòêè ïíòíì íòèí ïòçî

êòðð ïïòçê ìíòçè ëëòçì îéòçé îíòèí ïïòçï ëòðì îòëî

éòðð ïëòìî ìíòçè ëçòìð îçòéð îëòíè ïîòêç êòîë íòïî

èòðð ïèòèè ìíòçè êîòèê íïòìí îêòçì ïíòìé éòìê íòéí

çòðð îîòíì ìíòçè êêòíî ííòïê îèòëð ïìòîë èòêé ìòíì

ïðòðð îëòèð ìíòçè êçòéè íìòèç íðòðë ïëòðí çòèè ìòçì

ïïòðð îçòîì ìíòçè éíòîî íêòêï íïòêð ïëòèð ïïòðç ëòëì

ïîòðð íîòéð ìíòçè éêòêè íèòíì ííòïê ïêòëè ïîòíð êòïë

ïíòðð íêòïê ìíòçè èðòïì ìðòðé íìòéî ïéòíê ïíòëï êòéë

ïìòðð íçòêî ìíòçè èíòêð ìïòèð íêòîé ïèòïì ïìòéî éòíê

ïëòðð ìíòðè ìíòçè èéòðê ìíòëí íéòèí ïèòçî ïëòçí éòçé

ïêòðð ìêòëî ìíòçè çðòëð ìëòîë íçòíè ïçòêç ïéòïí èòëé

ïéòðð ìçòçè ìíòçè çíòçê ìêòçè ìðòçì îðòìé ïèòíë çòïé

Ý´¿§ ïèòðð ëíòìì ìíòçè çéòìî ìèòéï ìîòìç îïòîë ïçòëê çòéè

ïçòðð ëêòçð ìíòçè ïððòèè ëðòìì ììòðë îîòðî îðòéé ïðòíè

îðòðð êðòíê ìíòçè ïðìòíì ëîòïé ìëòêï îîòèð îïòçè ïðòçç

îïòðð êíòèð ìíòçè ïðéòéè ëíòèç ìéòïë îíòëè îíòïè ïïòëç

îîòðð êéòîê ìíòçè ïïïòîì ëëòêî ìèòéï îìòíê îìòíç ïîòîð

îíòðð éðòéî ìíòçè ïïìòéð ëéòíë ëðòîé îëòïí îëòêð ïîòèð

îìòðð éìòïè éìòêð ïìèòéè éìòíç êìòðé íîòðì îêòèî ïíòìï

îëòðð ééòêì ïðçòêð ïèéòîì çíòêî éçòêí íçòèî îèòðí ïìòðï

îêòðð èïòïð ïìçòïì îíðòîì ïïëòïî çéòðð ìèòëð îçòîì ïìòêî

îéòðð èìòëì ïçíòíð îééòèì ïíèòçî ïïêòîî ëèòïï íðòìì ïëòîî

îèòðð èèòðð îîéòêð íïëòêð ïëéòèð ïíïòìç êëòéë íïòêë ïëòèí

îçòðð çïòìê îëïòëè íìíòðì ïéïòëî ïìîòêì éïòíî íîòèê ïêòìí

íðòðð çìòçî îêìòèð íëçòéî ïéçòèê ïìçòìç éìòéì íìòðé ïéòðì

íïòðð çèòíè îêêòèî íêëòîð ïèîòêð ïëïòèë éëòçí íëòîç ïéòêì

íîòðð ïðéòîð îêéòèî íéëòðî ïèéòëï ïèíòèè çïòçì íçòîë ïçòêí

ííòðð ïïêòîè îêèòïê íèìòìì ïçîòîî ïèçòðë çìòëî ìíòíì îïòêé

íìòðð ïîëòêð îêèòïê íçíòéê ïçêòèè ïçìòïé çéòðç ìéòëí îíòéé

Í¿²¼ íëòðð ïíëòïê îêèòïê ìðíòíî îðïòêê ïççòìí ççòéî ëïòèì îëòçî

íêòðð ïììòçì îêèòïê ìïíòïð îðêòëë îðìòèï ïðîòìï ëêòîì îèòïî

íéòðð ïëìòçè îêèòïê ìîíòïì îïïòëé îïðòíí ïðëòïé êðòéê íðòíè
íèòðð ïêëòîì îêèòïê ìííòìð îïêòéð îïëòçè ïðéòçç êëòíé íîòêç

íçòðð ïéëòéê îêèòïê ììíòçî îîïòçê îîïòéê ïïðòèè éðòïï íëòðë

Ü»°¬¸ Þ»´±© 

Ð·´» Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ Û²¼ 

Þ»¿®·²¹

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                                          

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

   Î²                   
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Î²                      
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

Ûóïð



Í¸¿º¬  ß¨·¿´ Î»·¬¿²½»

ÞíÎÜóï ó Ð·»® ïóì

ìèó×²½¸ Ü·¿³»¬»® Í¸¿º¬

øº¬÷ øµ·°÷ øµ·°÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷ øµ·°÷ ø¬±²÷

Ü»°¬¸ Þ»´±© 

Ð·´» Ý¿°

Ò±³·²¿´ 

Í·¼» 

Î»·¬¿²½»

Ò±³·²¿´ Û²¼ 

Þ»¿®·²¹

Û¬·³¿¬»¼ Þ¿» ±º Ð·´» Ý¿° Û´»ª¿¬·±² ã ìíçòð º¬ò                                          

É¿¬»® Ì¿¾´» ¿¬ Ú´±±¼ Û´»ª¿¬·±² ã ìíçòð º¬ò

   Î²                   
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ Ë°´·º¬ 

Î»·¬¿²½»              

Î²                      
Ì±¬¿´ Ò±³·²¿´ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Î»·¬¿²½»

Î²                     
Ì±¬¿´ Ú¿½¬±®»¼ 

Ù»±¬»½¸²·½¿´ ß¨·¿´ 

Ý±³°®»·ª» Î»·¬¿²½»  

ìðòðð ïèêòëð îêèòïê ìëìòêê îîéòíí îîéòêé ïïíòèí éìòçì íéòìé

ìïòðð ïçéòìè îêèòïê ìêëòêì îíîòèî îííòéï ïïêòèë éçòèè íçòçì

ìîòðð îðèòéî îêèòïê ìéêòèè îíèòìì îíçòèç ïïçòçë èìòçì ìîòìé

ìíòðð îîðòïè îêèòïê ìèèòíì îììòïé îìêòïç ïîíòïð çðòïð ìëòðë

ììòðð îíïòèè îêèòïê ëððòðì îëðòðî îëîòêí ïîêòíï çëòíê ìéòêè

ìëòðð îìíòèî îêèòïê ëïïòçè îëëòçç îëçòîð ïîçòêð ïððòéí ëðòíé

ìêòðð îëêòðð îêèòïê ëîìòïê îêîòðè îêëòèç ïíîòçë ïðêòîï ëíòïï

ìéòðð îêèòìî îêèòïê ëíêòëè îêèòîç îéîòéí ïíêòíê ïïïòèð ëëòçð

ìèòðð îèïòðè îêèòïê ëìçòîì îéìòêî îéçòêç ïíçòèì ïïéòëð ëèòéë

ìçòðð îçíòçè îêèòïê ëêîòïì îèïòðé îèêòéè ïìíòíç ïîíòíï êïòêë

ëðòðð íðéòïî îêèòïê ëéëòîè îèéòêì îçìòðï ïìéòðï ïîçòîî êìòêï

ëïòðð íîðòìè îêèòïê ëèèòêì îçìòíî íðïòíê ïëðòêè ïíëòîí êéòêî

ëîòðð ííìòïð îêèòïê êðîòîê íðïòïí íðèòèë ïëìòìî ïìïòíê éðòêè

ëíòðð íìéòçê îêèòïê êïêòïî íðèòðê íïêòìé ïëèòîì ïìéòêð éíòèð

ëìòðð íêîòðì îêèòïê êíðòîð íïëòïð íîìòîî ïêîòïï ïëíòçí éêòçé

ëëòðð íéêòíè îêèòïê êììòëì íîîòîé ííîòïð ïêêòðë ïêðòíç èðòïç

ëêòðð íçðòçì îêèòïê êëçòïð íîçòëë íìðòïï ïéðòðê ïêêòçì èíòìé

ëéòðð ìðëòéê îêèòïê êéíòçî ííêòçê íìèòîê ïéìòïí ïéíòêï èêòèð

Í¿²¼ ëèòðð ìîðòèð îêèòïê êèèòçê íììòìè íëêòëí ïéèòîé ïèðòíé çðòïç

ëçòðð ìíêòðè îêèòïê éðìòîì íëîòïî íêìòçì ïèîòìé ïèéòîë çíòêí

êðòðð ìëïòêð îêèòïê éïçòéê íëçòèè íéíòìé ïèêòéì ïçìòîí çéòïî

êïòðð ìêéòíè îêèòïê éíëòëì íêéòéé íèîòïë ïçïòðè îðïòíì ïððòêé

êîòðð ìèíòíè îêèòïê éëïòëì íéëòéé íçðòçë ïçëòìè îðèòëì ïðìòîé

êíòðð ìççòêî îêèòïê éêéòéè íèíòèç íççòèç ïççòçì îïëòèì ïðéòçî

êìòðð ëïêòïð îêèòïê éèìòîê íçîòïí ìðèòçë îðìòìé îîíòîê ïïïòêí

êëòðð ëíîòèî îêèòïê èððòçè ìððòìç ìïèòïë îðçòðé îíðòéè ïïëòíç

êêòðð ëìçòéê îêèòïê èïéòçî ìðèòçê ìîéòìê îïíòéí îíèòìï ïïçòîð

êéòðð ëêêòçê îêèòïê èíëòïî ìïéòëê ìíêòçî îïèòìê îìêòïë ïîíòðé

êèòðð ëèìòìð îêèòïê èëîòëê ìîêòîè ììêòëï îîíòîê îëíòçç ïîéòðð

êçòðð êðîòðè îêèòïê èéðòîì ìíëòïî ìëêòîì îîèòïî îêïòçë ïíðòçè

éðòðð êïçòçè îêèòïê èèèòïì ìììòðé ìêêòðè îííòðì îéðòðï ïíëòðð

éïòðð êíèòïì îêèòïê çðêòíð ìëíòïë ìéêòðé îíèòðì îéèòïè ïíçòðç

éîòðð êëêòëî îêèòïê çîìòêè ìêîòíì ìèêòïè îìíòðç îèêòìë ïìíòîî

éíòðð êéëòïê îêèòïê çìíòíî ìéïòêê ìçêòìí îìèòîî îçìòèì ïìéòìî

éìòðð êçìòðî îêèòïê çêîòïè ìèïòðç ëðêòèï îëíòìð íðíòíî ïëïòêê

éëòðð éïíòïì îêèòïê çèïòíð ìçðòêë ëïéòíî îëèòêê íïïòçí ïëëòçê

éêòðð éíîòìè îêèòïê ïðððòêì ëððòíî ëîéòçê îêíòçè íîðòêí ïêðòíî

ééòðð éëîòðê îêèòïê ïðîðòîî ëïðòïï ëíèòéí îêçòíê íîçòìì ïêìòéî

éèòðð ééïòèè îêèòïê ïðìðòðì ëîðòðî ëìçòêí îéìòèï ííèòíê ïêçòïè

Ûóïï
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éçòðð éçïòçì îêèòïê ïðêðòïð ëíðòðë ëêðòêê îèðòíí íìéòíç ïéíòêç

èðòðð èïîòîì îêèòïê ïðèðòìð ëìðòîð ëéïòèí îèëòçï íëêòëî ïéèòîê

èïòðð èíîòéè îêèòïê ïïððòçì ëëðòìé ëèíòïî îçïòëê íêëòéé ïèîòèè

èîòðð èëíòëê îêèòïê ïïîïòéî ëêðòèê ëçìòëë îçéòîè íéëòïî ïèéòëê

èíòðð èéìòëè îêèòïê ïïìîòéì ëéïòíé êðêòïï íðíòðê íèìòëè ïçîòîç

èìòðð èçëòèì îêèòïê ïïêìòðð ëèîòðð êïéòèï íðèòçð íçìòïì ïçéòðé

èëòðð çïéòíì îêèòïê ïïèëòëð ëçîòéë êîçòêí íïìòèî ìðíòèî îðïòçï

èêòðð çíçòðê îêèòïê ïîðéòîî êðíòêï êìïòëè íîðòéç ìïíòëç îðêòèð

èéòðð çêïòðì îêèòïê ïîîçòîð êïìòêð êëíòêé íîêòèí ìîíòìè îïïòéì

èèòðð çèíòîê îêèòïê ïîëïòìî êîëòéï êêëòèç ííîòçì ìííòìè îïêòéì

èçòðð ïððëòéð îêèòïê ïîéíòèê êíêòçí êéèòîí ííçòïï ììíòëè îîïòéç

çðòðð ïðîèòìð îêèòïê ïîçêòëê êìèòîè êçðòéï íìëòíê ìëíòéç îîêòçð

çïòðð ïðëïòíî îêèòïê ïíïçòìè êëçòéì éðíòíî íëïòêê ìêìòïï îíîòðë

çîòðð ïðéìòìè îêèòïê ïíìîòêì êéïòíî éïêòðê íëèòðí ìéìòëí îíéòîé

çíòðð ïðçéòçð îêèòïê ïíêêòðê êèíòðí éîèòçì íêìòìé ìèëòðé îìîòëí

çìòðð ïïîïòëì îêèòïê ïíèçòéð êçìòèë éìïòçì íéðòçé ìçëòéï îìéòèë

çëòðð ïïìëòìî îêèòïê ïìïíòëè éðêòéç éëëòðè íééòëì ëðêòìë îëíòîí

Í¿²¼ çêòðð ïïêçòëì îêèòïê ïìíéòéð éïèòèë éêèòíì íèìòïé ëïéòíï îëèòêë

çéòðð ïïçíòçð îêèòïê ïìêîòðê éíïòðí éèïòéì íçðòèé ëîèòîé îêìòïí

çèòðð ïîïèòëð îêèòïê ïìèêòêê éìíòíí éçëòîé íçéòêí ëíçòíì îêçòêé

ççòðð ïîìíòíì îêèòïê ïëïïòëð éëëòéë èðèòçí ìðìòìé ëëðòëî îéëòîê

ïððòðð ïîêèòìî îêèòïê ïëíêòëè éêèòîç èîîòéí ìïïòíê ëêïòèð îèðòçð

ïðïòðð ïîçíòéì îêèòïê ïëêïòçð éèðòçë èíêòêë ìïèòíí ëéíòîð îèêòêð

ïðîòðð ïíïçòíð îêèòïê ïëèéòìê éçíòéí èëðòéï ìîëòíë ëèìòéð îçîòíë

ïðíòðð ïíìëòðè îêèòïê ïêïíòîì èðêòêî èêìòèç ìíîòìì ëçêòíð îçèòïë

ïðìòðð ïíéïòïî îêèòïê ïêíçòîè èïçòêì èéçòîï ìíçòêï êðèòðî íðìòðï

ïðëòðð ïíçéòìð îêèòïê ïêêëòëê èíîòéè èçíòêê ììêòèí êïçòèì íðçòçî

ïðêòðð ïìîíòçð îêèòïê ïêçîòðê èìêòðí çðèòîì ìëìòïî êíïòéé íïëòèè

ïðéòðð ïìëðòêê îêèòïê ïéïèòèî èëçòìï çîîòçê ìêïòìè êìíòèï íîïòçï

ïðèòðð ïìééòêì îêèòïê ïéìëòèð èéîòçð çíéòèð ìêèòçð êëëòçë íîéòçè

ïðçòðð ïëðìòèê îêèòïê ïééíòðî èèêòëï çëîòéé ìéêòíè êêèòîð ííìòïð

ïïðòðð ïëíîòíì îêèòïê ïèððòëð çððòîë çêéòèè ìèíòçì êèðòëé íìðòîè

ïïïòðð ïëêðòðì îêèòïê ïèîèòîð çïìòïð çèíòïî ìçïòëê êçíòðí íìêòëî

Ûóïî



APPENDIX F 
RECOMMENDED SOIL PARAMETERS FOR 

LATERAL LOAD ANALYSIS 



F-1

Estimated Soil Parameters for Lateral Load Pile Analysis 
 Kennedy Interchanges Project – Bridge B3RD-1 

Structure S0180 

Ground Water Level = 444 ft. 
Abutment 1 

Idealized
Soil Profile

Approximate  
Soil Elevations 

(ft)

Average
Saturated Unit 

Weight
(pcf)

Estimated 
Corrected
Friction
Angle

(degrees)

Estimated 
Undrained Shear 

Strength
(psf)

Estimated 
Lateral Soil 

Modulus
Paramter, k 

(pci)

Estimated 
Soil Strain 
Parameter,

E50 (%) 

silty clay – fill 444-437 125 - 500 215 0.01 

clay - soft to stiff 437-414.5 125 - 500 215 0.01 

fine to medium sand – medium dense - 
dense 

414.5-328 130 33.7 - 130 - 

Piers 1-4 

Idealized
Soil Profile

Approximate 
Soil Elevations 

(ft)

Average
Saturated Unit 

Weight
(pcf)

Estimated 
Corrected
Friction
Angle

(degrees)

Estimated 
Undrained Shear 

Strength
(psf)

Estimated 
Lateral Soil 

Modulus
Paramter, k 

(pci)

Estimated 
Soil Strain 
Parameter,

E50 (%) 

silty sand (fill) 444-434 125 31 - 40 -

clay - soft to stiff 434-408 125 - 500 215 0.01 

fine to medium sand – medium dense to 
dense 

408-328 130 33.7 - 130 -


